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nergy from Fossil Fuels 


King Hubbert, Associate Director, 


HE EARTH MAY BE REGARDED as a 
material system whose gain or loss of matter 
over the period of our interest is negligible. 
to and out of this system, however, there oceurs a 
ntinuous flux of energy, in consequence of which the 
terial constituents of the surface of the earth un- 
rgo continuous or intermittent circulation. For the 
sent discussion we shall restrict our attention to 
» nonradioactive materials. The preponderance of 

energy involved in this process is that derived 
bm solar radiation, and a small fraction of the mat- 

at or near the surface of the earth occurs in the 
wliar aggregates known as living organisms. From 
logical evidence, organisms have existed upon the 
rh for probably as long as a billion years, and it 
pears that evolution had proceeded far enough that 
man must have existed 
The population of this 


species recognizable as 
ghly a million years ago. 
vies at that stage is unknown but evidently was 


large. It existed in some sort of ecological ad- 
tment with the rest of the organie complex, and 


npeted with the other members of the complex for 
At 


ut hypothetieal stage its sole capacity for the utili- 


hare of solar energy essential to its existence. 


ion of energy consisted in the food it was able to 
the order of 2,000 kilogram-calories per capita 
r lay. 
Kmancipation from this dependence upon contem- 
rary solar energy was not possible until some other 
| hitherto unknown souree of energy became avail- 
e. This had its beginning about the thirteenth 
tury when some of the inhabitants of Britain made 
discovery that certain black rocks found along the 
re of the East Coast, and thereafter known as “sea 
s,’ would burn. From this discovery there fol- 
id in almost inevitable succession the mining of 









‘and its use for the smelting of metals, the de- 
opment of the steam engine, the locomotive, the 
iiship, and steam-electrie power. 

This development was further augmented when, 
ula century ago, the second large source of fossil 


rey 







petroleum and natural gas—was tapped, lead- 
to the internal combustion engine, the automobile, 


aeroplane, and Diesel-eleetrie power. 


Energy from Fossil Fuels” was one of the papers pre- 
tS Part of the Symposium on Sources of Energy, held 
“shington, D. C., on September 15, during the Cen- 
mial Celehration of the AAAS. 


ploration and Production Research Division, Shell Oil Company, Inc. 


A third source of fossil energy, oil shale, although 
exploited on a small seale for almost a century, is 
only now approaching its phase of rapid development. 


RATES OF PRODUCTION 


It is to the rate of increase and the magnitude of 
the consumption of energy from fossil fuels that I 
now wish to direct your attention. 

Consider coal. Although production statistics for 
the earlier periods are not available, it is known that 
from the initial discovery and use of “sea eoles” to 


the present there has been a continuous increase in the 
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Fic. 1. World preduction of coal. 


rate of consumption of this commodity. During the 
eighteenth century the need for power for the coal 
mines led to the development of the steam engine, and 
the demand for better means of transportation led 
first to the railroad and then to the steam locomotive. 
We know also that before the end of the eighteenth 
century the employment of this new souree of energy 
had reached such a magnitude in Britain as to produce 
the major social and economie disturbances referred 
to as the “Industrial Revolution.” 

By 1864 (11, 12) (Fig. 1), from which date annual 
world production statistics are available, the annual 
production of coal in the world had reached about 180 
million metrie tons per year, and from that date until 
1914, when it had reached a rate of 1,300 million tons 
per year, it continued to increase geometrically at a 
‘ate of 4 pereent per year, or at a rate such that the 
annual production was doubling every 17 years. 
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The length of time during which coal has been 
mined is likely to be misleading. To appreciate the 
magnitude of what is happening and the brevity of 
time during which most of it has occurred, consider 
these facts: By the end of 1947 the cumulative pro- 
duction of coal during all past human _ history 
amounted to approximately 81 billion metric tons. 
Of this, 40 billion, or approximately one half, has 
been mined and consumed since 1920. Sixty-two bil- 
lion, or more than three-quarters, has been produced 
‘sinee 1900. 
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Fic. 2. World production of petroleum. 


The world production of petroleum is shown graphi- 
eally in Fig. 2 (13). The first commercial produc- 
tion of petroleum was begun in 1857 in Rumania. 
Two years later the first oil well in the United States 
was completed. From these beginnings, with only an 
occasional setback, the world production of petroleum 
has increased spectacularly, reaching by the end of 
1947 an annual rate of 477 million eubie meters (3 
billion U. S. barrels). From 1860 to 1929 the rate 
of production doubled, on the average, every 74 
years, or at an average annual rate of increase of 
slightly more than 9 percent. Since 1929 the rate of 
inerease has declined somewhat and the doubling 
period increased to about 15 years. 

Again, to emphasize the brevity of time during 
which most of this has occurred, the cumulative pro- 
duction by the end of 1947 was 9.17 billion cubic 
meters (57.7 billion U. S. barrels). Of this, one-half 
has been produced and consumed since 1937, or dur- 
ing the last 10 years, and 97 percent since 1900. 

The energy content of the coal and petroleum which 
has been consumed, expressed in kilogram-calories, is 
shown in Fig. 3. From these two sources the energy 
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per year amounted in 1939 to 15x 10™, or 15 thy 
sand trillion, kilogram-calories per year, of which y 
proximately four-fifths and one-fifth were contrihys 
by coal and petroleum respectively. 
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Fic. 3. World production of energy from 


petroleum. 


coal anj 


Because of the lack of world production statisti« mh 
the energy from natural gas has not been includ - 
In the United States about 400 cubic meters of natun! 
gas are produced for each cubic meter of oil, witha 
energy content of about four-tenths that of oil. Sine 
oil and gas are genetically related it may be presuu 
that this approximate ratio is valid for the rest of tl 
world also. Hence, the energy from the natural gi 
that has been produced may be assumed to be at leas 


40 percent of that of petroleum. 


ale 
po 


GROWTH OF POPULATION 


One of the most disturbing ecological influences 
recent millennia is the human species’ proclivity i 
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Fic. 4. Growth of world population. 
gil 
the capture of energy, resulting in a progressive “pec 


crease of the human population (4,6). This is bo | & 
out by the growth curve of human population "MM it 
1650, shown in Fig. 4, based on the studies of (MM Th 


Saunders (1), and the recent estimate of Davis (4) 
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» thy ing to these estimates the world population has 


ecord 


ch pM wveased from about 545 million in 1650 to 2,171 
'ibutqi ‘Ilion by 1940. The greatest rate of increase during 


pis period has been that of the last half-century, dur- 
.¢ which the world population has been increasing 
- a rate as to double itself every century, or at 
» annual rate of increase of 0.7 percent. 

Such a rate is not “normal,” as can be seen by back- 
ard extrapolation. If it had prevailed throughout 
man history, beginning with the mythical Adam 
d Eve, only 3,300 years would have been required 
» reach the present population. If, on the contrary, 
e assume the human race to have been in existence 
or a million years, and to have increased at a uniform 
ponential or geometrical rate, starting with a single 
ir, the present population would have been reached 
that time by a rate of increase of 2.1 x 10-* percent 
pr year, or a rate of growth that would require 33,000 
ears for the population to double. At such a rate 









yal ani 
7 is doubtful whether any census could detect a 
.. Bhange in the population during one man’s lifetime. 
ae That the present rate of growth cannot long con- 
”~ tue is also evident when we consider that at this 
i? nie only 200 more years would be required to reach 
7 population of nearly 9 billion—about the maximum 
oe mber of people the earth can support. In fact, at 
CSTR ch a rate, only 1600 years would be required to 
t ol t js ; ’ 
nal rach a population density of one person for each 


juare meter of the land surface of the earth. 

Prior to 1800 most of the energy available to man 
as that derivable from his food, the labor of his ani- 
als, and the wood he used for fuel. On a world-wide 
sis it is doubtful if the sum of these exceeded 16,000 
logram-calories per man per day, and this was a 


at leas 


neces Oh 


rity {0 ' ' 
ite veralfold increase over the energy from food alone. 


After 1800 there was superposed on top of these 
__ MP urces the energy from fossil fuels. From a world 

erage of 300 kilogram-ealories per capita per day 
1800 the energy from coal and petroleum increased 
9,880 by 1900, and to 22,100 by 1940. In the areas 
high industrialization this quantity is much larger. 
h the United States, for example, the energy from 
hal and petroleum consumed per day per capita 
hounted in 1940 to 114,000 kilogram-ealories (2); 
hd from coal, petroleum, and natural gas, to 129,000. 


——<= 















PHYSICAL LIMITS TO EXPANSION 


From the foregoing data it should be clear that 
nile we are concerned with a progression of ancient 
gin, the developments within the last century, and 
pecially within the last few decades, are decidedly 
eptional. One cannot refrain from asking, “Where 
It taking us? How long can we keep it up?” 

This leads us to consider what physical limitations 
‘te may be upon the various types of energy whose 


sive 


expansion we have noted. In the case of the fossil 
fuels the answer is simple. As remarked before, these 
fuels represent an accumulation over 500 million years 
of geologic time, and any additional accumulation that 
may be expected within the next 10,000 years is neg- 
ligible. When these fuels are burned, their material 
content remains upon the earth in a relatively useless 
form, but the precious energy, after undergoing a 
sequence of degradations, finally leaves the earth as 
spent, long-wavelength, low-temperature radiation. 
Hence, we deal with an essentially fixed storehouse of 
energy which we are drawing upon at a phenomenal 
rate. The amount which remains at any given time 
equals the amount initially present less that which 
has been consumed already. 

The amount consumed up to any given time is pro- 
portional to the area under the curve of annual pro- 
duction plotted against time. This area may ap- 
proach but can never quite equal the amount initially 
present. Thus we may announce with certainty that 
the production curve of any given species of fossil 
fuel will rise, pass through one or several maxima, 
and then decline asymptotically to zero. Hence, while 
there is an infinity of different shapes that such a 
curve may have, they all have this in common: that 
the area under each must be equal to or less than the 
amount initially present. 


AmouNTS OF Fossit FUELS 


While the quantities of fuels upon the earth are not 
known precisely, their order of magnitude is pretty 
definitely cireumscribed. The most accurately known 
is coal. At the Twelfth International Geological 
Congress at Ottawa in 1913 a world review of coal was 
made and the amount capable of being mined was 
estimated to be about 8 x 10’? metric tons. Since that 
time some adjustments in the estimates have been 
made, giving us a present figure of about 6.3 x 10! 
metrie tons of coal initially present. 

Within the last few years this figure has been criti- 
cized by mining engineers (2, 5) on the grounds that 
while the estimated amount of coal may in fact be 
present, the amount recoverable by practical mining 
operations is but a fraction—possibly as small as one- 
tenth—of the foregoing estimate. The degree of 
validity of this criticism still remains to be determined. 

For petroleum the estimation is considerably less 
accurate than that for coal but still it is probably 
reliable as to the order of magnitude. The method of 
estimation in this ease is that of sampling. In the 
better-known areas the amount of petroleum pro- 
duced per unit volume of certain classes of rocks has 
been determined. The areas and volumes (within 
drillable depths) of similar rocks over the earth are 
fairly well known. By application of the same factor 
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for the undrilled areas as for those now well known, 
an order of magnitude of the petroleum that may exist 
may be obtained. 

The most comprehensive studies so far made publie 
appear to be those of Weeks, which are cited by Wal- 
lace E. Pratt (1-9). 
volume of 10—12.5 million eubie kilometers (2.5-3.0 


Aecording to these studies, in a 


million cubie miles) of sediments in the United States 
there have already been discovered 8.4.x 10° cubie 
(53 x 10° of This 
about 10 percent of the total volume of such sediments 


meters barrels) oil. represents 


of the land areas throughout the world. Henee, it is 
estimated that for the world there should have been 
present initially about ten times as much oil as for the 
United States. 
on the continental shelves, which may contain about 


A similar volume of sediments oceurs 


as much oil as the land sediments. 

Assuming that the land areas of the United States 
will produce 16 x 10° cubic meters (100 billion bar- 
rels), then a reasonable estimate for the world would 


be: 


160 x 10° m® 
160 x 10° m* 


Land: 
Continental Shelves: 


Total: 





320 «x 10° m* 


These figures are regarded as being somewhat liberal 
and the quantity of oil may actually be considerably 
less. Not ineluded in the figures are the Athabask: 
Tar Sands (8), estimated to contain about 30 x 10° 
cubic meters of oil. 


TABLE 1 





™ 















about three times the amount of oil shales jy th 
United States, we would obtain, for an order of mag. 
nitude, 160 x 10° cubic meters (1,000 billion barrel, 
of oil from this source. 

The results of these estimates are given in Table 
It will be noted that 
92 percent of the estimated total is represented by ey 


and shown graphically in Fig. 5. 








COAL 


(08 oceans fone) ; 


Amouw Consumed 








k J s 
16 26 “$s a 
EmERGY (0 ae Cor) 


Fic. 5. Total energy of fossil fuels. 


a figure which will not be greatly altered by ay 
reasonable adjustments of the estimates of the » 
maining fuels, but may be considerably altered if tly 
minable amount of coal is less than usually assune 

The amount of the initial coal already consumed | 
1.35 pereent; that of oil and natural gas, inclusive \/ 
the Athabaska Tar Sands, about 5 percent. The tne 
tion of shale oil already produced is negligible. Frw 
these data the estimated initial supply of energy stor 
in fossil fuels is of the order of 50 « 10 kilograw 


ENERGY OF FosstL FUELS 
Initially present : Already consumed 
. Percentage 
, total . - ' 
Resource Energy an etae nergy 
: initial , Initial 
Quantity content (Juantity content ; 
energy ( 
(10° kg-eal) (10% kg-cal) 
ss dues Lo ae ntaepmee . * Seg NS ae ; & Pani; 
OR? es aw en 6.3 x10" metric tons 46.0 92.2 S1 x 10° metric tons 0.59 ~*~ 
Petroleum? 160 « 10°%m* 15 3.0 9.17 x 10°%m* 0.087 oan 
Tar Sandst 30 x 10%m* 0.3 O58 82s ce ides eke atest 
Natural Gas§ 64 « 10'*m 0.6 ) 1.7 x 102m? 0.035 
Oil Shale] ..... 160 x 10°, 1.5 lp aie SPE POA re oa i ae dele. 3° 5 « 
TOONS fo vlisaate fe hes cee 49.9 100.0 0.712 





* Revised from estimate. 


t Wallace E. Pratt. Oil in the earth. Lawrence : 


Carl Belser: “Oil Shale Resources of Colorado, Utah 


The amount of natural gas may be estimated at 400 
cubic meters of gas for one of oil, or at an energy con- 
tent of 40 percent that of oil. 

The oil shales of the world are less well known. 
Those of the United States, especially the Green River 
shales, are estimated to contain at least 55 x 10° eubie 


meters of oil. Assuming that the rest of the world has 


Twelfth International Geological Congress (1913). 
+ Based on estimate of Wallace E. Pratt: “Petroleum on Continental Shelves” 
of Kansas Press, 1942. 
§ Based on gas/oil ratio of 400 m*/m*, or energy of gas = 0.4 energy of oil 

and Wyoming” (AU.W.E. Tech. Publ. No. 2358, May, 


Univ. 











(Bull. A.A.P.G. 31, 1947, G57T-672) 


P. 44. 
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calories, of which 0.7 x 10'%, or 1.5 percent, bas” 
ready been consumed. | 

With this information we are prepared to cons 
what the future consumption of fossil energy ma!” 
1 


In Fig. 6 is shown the production of fossil eners!" 
I 


= 


to the present, and two possible projections int?! 


’ . . L r| 
future. One production curve rises to a high }* 
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nds steeply; the second rises more slowly to 
The 


wh eurve, however, is approximately the same 


nd dese 


lower maximum and descends gently. area 


nder @: 
10 unit squares, each of which represents 5 = 10™* 


jlogram- calories. 
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V any Fic. 6 Rate of consumption curves for fossil fuels. 
he Te 


° ° . . ° . 
if the If, as the coal mining engineers intimate, the amount 


uel gt coal is much less than herein assumed, the area un- 
med i r the eurve will be that much smaller and the ap- 


sive of oach to exhaustion that much sooner. How soon 


@ Trae: 


SCIENCE 





107 





fraction of current solar energy which changes but 
slowly with time, and is being continuously degraded 
into waste heat irrespective of whether it is utilized 
or not. 

A growth curve of the utilization of water power, 
therefore, should rise in a manner similar to those of 
the fossil fuels, but instead of then declining to zero, 
it should level off asymptotically to a maximum as all 
available water power is brought into use. At least 
this is physically possible. 

In view of the eventual exhaustion of fossil fuels, 
it is of interest to know to what extent water power 
In Table 2 
are listed the installed water power capacities of the 


can be depended upon to replace them. 


various continents for the year 1947 and estimates of 
their total potential capacities (10), the number of 
kilowatt-hours of energy that such eapacity should 
produce per year, and finally, the energy, expressed in 
heat units, of the amount of fuel that would be re- 
quired to produce an equivalent amount of power. 

In these calculations the potential installed capacity 
is taken to be equal approximately to the power at 
mean rate of flow and 100 percent efficiency. The 
estimated output is based on a load factor of 0.5, and 
the fuel equivalent of the power produced is based 
upon a thermodynamic efficiency of steam plants of 


TABLE 2 


DEVELOPED AND POTENTIAL WATER POWER OF THE WORLD, 1947 





Installed capacity * 





Total potential water power 


Ord. min. flow* 





Potential output per yeart 


Energy of 
equivalent 
fuel§ 


Mean flow? 


10 kw-hrs 





10° h-p 1° kw 10° h-p 11” kw 10° h-p 10° kw 10% kg-eal 
O.368 0.274 274 204 $23 612 2.69 11.6 
nit! BRMMBin 12.059 8.98 151 113 453 339 1.49 6.42 
(' Bat, ote tes 34.937 26.0 68 m1 204 153 0.672 2.89 
rth America 35.849 26.7 S4 6% 252 189 0.824 3.54 
13 Mela... 1.284 0.955 20 15 60 45 0.197 O.85 
es America 2.392 1.79 67 nO ~O1 150 0.658 2 33 
me roa S6.900 64.8 664 496 1992 1488 6.53 2813 
"U.S. Geological Survey, “Developed and Potential Water Power of the World” (1948). 









mean flow 
average — = 


7 Computed on basis: - at oo 
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¢ Based on load factor of 0.5. 
? Computed on basis of efficiency of 20 percent for steam 


e decline may set in, it is not possible to say. Never- 
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ess the higher the peak of the production curve, 
f sooner and sharper will be the decline. 


WatTER Power 
may Ve The exp 
Of fair! 
t half. 
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itation of water power, like that of coal, 
ancient origin, but also like coal, until the 
tury its utilization has been small. : Un- 
uels, however, water power represents a 


plants, or 4300 kg-cal/kw-hr. 


20 percent—figures which characterize installations in 
the United States at the present time. 

The present and potential water power for the world 
is summarized graphically in Fig. 7. The potential 
capacity is about 1,500 million kilowatts of whieh 
present installations amount to only 65 million, or 4.3 
pereent. 

The energy content of the equivalent fuel which 
would be required to produce the potential water 
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power output is about 28 x 10% kilogram-ealories per 
year, or one and a half times the present rate of con- 
sumption of energy from fossil fuels. 
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Hence, with maximum utilization, it would be pos- 
sible with water power to supply to the earth an 
amount of energy comparable to that currently ob- 
tained from the use of fossil fuels. 


TIME PERSPECTIVE 


The present state of human affairs can best be ap- 
preciated in the light of a time perspective, minus 
and plus, of some tens of thousands of years from the 
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present, as depicted in Fig. 8. On such a time scale 
the phenomena we have discussed are represented by 
abrupt, nearly vertical rises from zero or near zero to 
maximum values. The consumption of energy from 
fossil fuels is thus seen to be but a “pip,” rising 
sharply from zero to a maximum, and almost as 
sharply declining, and thus representing but a moment 


in the total of human history. 
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The rate of consumption of energy from ya, 
power and solar radiation also rises almost vertic) 
It is physically capable of leveling off asymptoticg, 
to a maximum value as shown in Curve I and }yjy 
held there more or less indefinitely. However, j 
also possible that it may decline to some lower ints 
mediate value as shown by Curve II, or to zey, 
in Curve III, depending upon the state of human » 
ture during thé next few thousand years. 

Likewise the consumption of energy per capi 
after having risen very gradually from 2,000 to 
sibly 10,000 kilogram-ealories per day, is seen to 
crease suddenly to a maximum value of several tiy 
Again it is physically j 
sible to maintain a high value, as indicated by Cury 
on a stable basis for an indefinite period of time fy 
current energy sources, particularly direct and indir 
solar radiation. It also is possible, however, { 
through cultural degeneration this curve may deel 
as in Curve II, to the subsistence level of our agrar 
ancestors. 


the highest previous value. 


Viewed on such a time scale, the curve of hu 
population ‘would be flat and only slightly above x 
for all preceding human history, and then it too ww 
be seen to rise abruptly and almost vertically 1 
Thereafter, ; 
pending largely upon what energy supplies are av 


maximum value of several billion. 
able, it might stabilize at a maximum value, # 
Curve I, or more probably to a lower and more ne: 
However, shi 
cultural degeneration occur so that the available 


optimum value, as in Curve II. 


ergy resources should not be utilized, the human p 
ulation would undoubtedly be reduced to a number! 
propriate to an agrarian existence, as in Curve | 

These sharp breaks in all the foregoing curves! 
be aseribed quite definitely, directly or indirectly, 
the tapping of the large supplies of energy stored 
in the fossil fuels. The release of this energy 
unidirectional and irreversible process. It can 
happen onee, and the historical events associated 
this release are necessarily without precedent, ani 
intrinsically incapable of repetition. 

It is clear, therefore, that our present positio! 
the nearly vertical front slopes of these curves 1s 4! 
earious one, and that the events which we are wil! 
ing and experiencing, far from being “normal,” 
among the most abnormal and anomalous in the! 
tory of the world. Yet we cannot turn back; ne! 
can we consolidate our gains and remain where We 
In faet, we have no choice but to proceed into al 
which we may be assured will differ markedly 
anything we have experienced thus far. 

Among the inevitable characteristies of this i 
will be the progressive exhaustion of the mineral ® 
and the accompanying transfer of the material 
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nts of the earth from naturally occurring deposits 
high coacentration to states of low concentration 
emination. Yet despite this, it will still be phys- 
ly possible to stabilize the human population at 
Ane reasonable figure, and by means of the energy 
»m sunshine alone to utilize low-grade concentra- 
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rtiealy 
Ot eal 
d beig 
aT, it} 
T Inte ; 
201, gos of materials and still maintain a high-energy in- 
ran oflmgstrial civilization indefinitely. 

Jhether this possibility shall be realized, or whether 
shall continue as at present until a succession of 
es develop—overpopulation, exhaustion of re- 
nrces and eventual decline—depends largely upon 


Capi 
to De 
n to 


whether a serious cultural lag can be overcome. In 
view of the rapidity with which the transition to our 
present state has occurred it is not surprising that 
such a cultural lag should cxist, and that we should 
continue to react to the fundamentally simple physieal, 
chemical, and biological needs of our social complex 
with the sacred-cow behavior patterns of our agrarian 
and prescientific past. However, it is upon our abil- 
ity to eliminate this lag and to evolve a culture more 
nearly in conformity with the limitations imposed 
upon us by the basic properties of matter and energy 
that the future of our civilization largely depends. 
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iy ofagnalysis of Microcomposition of Biological Tissue 
y Means of Induced Radioactivity 


» SMGERvision of Medical Physics, Radiation Laboratory, and 
ahle . * . . . 
label partment of Physics, University of California, Berkeley 
nan pr 
mber! ) ADIOACTIVE ISOTOPES HAVE FRE- see 1/) which involve knowledge of their distribution. 
aFVE 5 QUENTLY been used for the determination The microchemical and spectroscopic methods of 
rvs of reaction rates and distribution of chemical analysis which are now in use are not quantitative for 
TIT, . . 2 ” —§ - , 
reel} ients and compornds in the animal body; for ex- most elements below 10-* g/sample. It would be 
stored , : ‘ : , 
oe ple, the measurement of the total body water or the desirable to have methods of analysis which are ac- 
yoy i * ~~ . ° _ nl : e 
Tp) lum space (6, 7, 9). Some of the radionuclides, curate to well below this quantity. It seems certain 
nd ; _ , ae _ 
a ever, cannot be used for determining the con- that by using more highly sensitive methods of analy- 
‘ te at! ° ° . . ° ° > . . 
ge trations of their stable isotopes in tissue because sis much new information could be obtained concern- 
and PRPS,» as ; : ; 
’ distribution of the administered radioactive tracer ine the biochemistry of trace elements in normal or 
Bs ple will not equilibrate, owing to absorption and diseased animals and plants. 
$1 1100 ; ° ° . . + .% . 90 
1 Tetion. On the other hand, the radioactive isotopes Seaborg and Livingood (10) in 1938 solved a some- 
3 18 a} os fa ate ; : 
7 be used to indicate the rate of turnover of sub- what similar problem in their attempt to analyze for 
w will oe . . e . » ° . ° e 
ie ces in biochemical reactions. There are many im- traces of gallium in iron. They exposed the gallium- 
mai, n : ones ’ : : 
the | ant problems concerning “trace elements’? (e.g. contaminated sample to deuterons and determined the 
1 a . . . . . 
neil he authors acknowledge with pleasure the interest and amount of gallium impurity by measuring the induced 
5 - aboratio > s ’ » > > scig . . . ,* . a . 
; n of Professor John H. Lawrence, the assistance radioactivity. The use of this technique for biolog- 
re we onstance Tregilus and Robert Oswalt, and a useful dis- —~ Se 
y a il ion with Professor E. M. MeMillan. This work was car- ical studies was reported by us in 1947 (12) and later 
div ug under the auspices of the Atomic Energy Commission. the same year by Brues and Robertson (2), who had 
*s race” elen Ss s » > ; sla > s. the res- ‘ . a a j s 
of Which ees Bre Stable chemical ‘elements, the pres’ ised the technique independently. Clark and Over- 
ot which, in small quantities, is essential for the lives of . ; fej 
his fa 's and animals. “Tracers” are radioactive or stable iso- man (3) named the procedure “activation analysis. 
ge: P S of ah¢ > ’ . > oni > . * > ; “he ji. , ~ > . 
oral fi Q ae nts which are suitable for study of the biochemi- [+ may be used for biological research in more than 
; hd physiological role of these elements or their com- % oo .. 
terial ds. one way. To learn the amount or concentration of 
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The above formula will hold true if the neutroys 
remains constant throughout irradiation tine, jf, 
total amount of substance in the sample is not |; 
enough to depress appreciably the neutron fluy, J 


various trace elements, one may take a sample of the 
tissue or tissue extract and, after proper processing, 
expose this sample to a source of nuclear particles, 
e.g. in a pile or cyclotron. Several of the elements 
if the irradiation is not intense enough to significay 
decrease the amount of isotope B to form isotoyy 
One does not always have to determine the abso 


It is more conveniey 


present in this sample may become radioactive, and, 
after a known exposure, the amount of each newly 
formed radioactive isotope may be measured by stand- 
If a 


tope A is formed from trace element B, the mass of 


neutron flux in such a ease. 
measure the radioactivity induced after simultang 
If y 
trons are used as the activating agent, there are y 
50 elements of biological importance which have |y 


ard radiochemical techniques. ‘adioactive iso- 


the element B originally present in the sample may be _ irradiation of a known mass of element B. 
ealeulated from the formula: 


d:A-eAdst 


~ 6.02 - 10?-o- F(1—e-**t (1) to make this technique an 
6.02: 1078-6: F(1—e4"F) 


enough cross sections 
tremely sensitive one. Some of these elements » 


listed in Table 1. 


Activation analysis 


where: x=unknown mass; A=atomie weight; F = 


particle flux; 4=deeay constant of induced radio- may be also used for the sy 


TABLE 1 


ESTIMATED DETECTION LIMIT OF ACTIVATION ANALYSIS FOR A Few ELEMENTS, USING THERMAL NEUTRON 
CAPTURE REACTION* 
Natural d 
cei ait nae fecoa’ 
Symbol Atomic Atomic life of Length of elapsed 
. a cross ‘ 10 sec”! 
of No. Wt ‘ induced exposure after 
3 section : disintegra 
element (Z) (A) x activity (t) exposure 
(o x 104 tions 
: a (T) (1) 
in em*) (gm) 
Na 11 23 0.63 14.8 hr 2 T I 2.4 x 10-* 
P 15 31 0.23 14.3 d oT Ky 'T 6.4 x 10-° 
K 19 41 0.067 12.4 hr €e y 57 4x10 
Ca 20 44 0.013 180d 0.02 T T 2.2 x 10-7 
Se 21 45 22.0 85 d 0.2 T 2T 10-" 
Cr 24 50 0.5 26.5 d 0.4 T >T 5x 10-° 
Mn 25 55 10.7 2.59 hr kz My 1.8 x 10-° 
Fe 26 58 0.001 47 d 0.2 T 5 T 2.5 x 10-* 
Cu 29 63 2.0 12.8 hr :s 5 T 2.1 x 10-° 
Zn 30 64 0.26 250d % T %, T 4x 10> oe 
As 33 75 4.2 26.8 hr i Nie! 5 T 1.2 x 10-* 
sr 35 81 1.11 4 hr ie ¥ o> T 4.8 x 10°" 
Mo 42 98 0.1 67 hr 1] 5 T 6.5 x 10-5 
Rh 45 103 137 44 sec je oT 0.4 x 10°" 
Ag 47 109 1.1 225 d 0.05 T 0.3 T 1.6 x 10° 
In 49 113 2.52 48 d 0.5 T 2T 2.8 x 10-* 
Sb 51 121 3.8 28d ..T 5 'T 2.4 10° 
Te 52 126 O.15 9.3 hr ‘I 5ST 5.5 x 10° 
I 53 127 6.25 25 min a? oT 1.3 x 10-* 
Cs 55 33 25.6 17yr 0.002 T 0.1 T 2x 10-° 
Ba 56 138 0.367 86 min 7T oT 2.5 x 10-° 
Dy 66 164 72h 140 min “y oT 0.15 «x 10° 
Pt 78 196 1.20 3.3 2 oT 2.2.x 10-% 
Au 79 197 96.4 2.7 y Te i 5 T 8.7 x30" 
Hg 80 202 0.725 1.5 0.2 T 1 2.6 «x 10° 
* Assumed neutron flux, that of the Clinten pile (8), F=5x 10" em-? sec-'; assumed disintegration rate necessary’ 


identification and mecsurement of each radioisotope, C=10 sec}. 


activity; o= cross section of B to form A; t=length of distribution and metabolism of elements introtit 
into an organism in a manner somewhat analogo! 
Thus, for examples 


element may be introduced into the circulation 


of time of exposure to neutrons; t=length of time 


elapsed between neutron exposure and time of mea- radioactive tracer technique. 
surement of rate of disintegration of the chemically 
separated sample A; and d=rate of disintegration of | animal, and its distribution, excretion, etc. m*! 
observed at some later time. Experiments 0! " 


‘alled tracer ex}* 


sample A measured at time Tt. 





The most convenient radiations to use are thermal 
neutrons produced by one of the chain-reacting piles. 


kind may not be legitimately 
ments because the amount of the element. xdde’ 
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organism must always be larger or of the same 
er of magnitude as the amount already present. 
» metabolism of the element, therefore, may be 


tron 
ie, if 
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red during the process. Nevertheless, valuable 


,» may be obtained regarding distribution and 


; abolism of minute quantities of certain elements. 
SOtOpe ; 


P abso! 
venient 
ultang 

If » 


are ¥ 


some instances, the use of radioactive isotopes for 
h purposes requires that the radiation dose deliv- 
i to the tissues during the experiment be small to 
If certain tis- 
concentrate or selectively absorb the isotope, it is 


bid disturbing biological functions. 


yetimes hard to avoid high dosage of such tissues. 


lave |p ; 
be able to measure the concentration of the isotope 
we an ——_ 
ther parts of the body, one must administer a large 
Hents gy 


e. In addition, some of the radioactive isotopes 
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é too short half lives to permit their prolonged 
servation in animals; one would have to give a large 
Pot such a tracer in order to allow for its decay 
ing the experiment. On the other hand, activation 
lysis does not have these limitations in measuring 
tribution of elements. 

he of the most attractive features of the method 
scribed in this paper is its extreme sensitivity. 
rmula | indieates the faetors influencing this sensi- 
tv, and one may say that the most important of 


roduc 
yells 
nple, 
nol 
may 
of # 

expe 


ddet 


DAYS AFTER 


Representative decay curves of 


these is the flux of particles. Using the published 
value for the flux density of the Clinton pile (8), the 
sensitivity of the method can be ealeulated for some 
elements to be as much as 1,000 times greater than 
that by any other known method. Other advantages 
are that one can determine the amounts of several ele- 
ments present in the same sample simultaneously and, 
finally, that the method has a high specificity for cer- 
tain elements. One should emphasize that the method 
is quantitative and that it will not require special 
techniques for individual elements except those of 
radio-chemistry. 

In order to test the practicability of the ideas out- 
lined above, some experiments were done using ele- 





ments whose chemistry is easy and well known. Since 
130 150 170 90 210 
BOMBARDMENT 


bombarded tissue ash samples (mouse). 


gold has an unusually large cross section for neutrons 
and since it is being used in this laboratory in con- 
nection with the study of rheumatoid arthritis (7), 
it appeared to be worth while to start with this ele- 
ment. The technique of its separation, deposition, 
and counting has been described by one of us (5). 
One normal female mouse, age six months, was in- 
jected in the tail vein with 10 ug of stable Au in the 
form of the soluble sodium gold thiosulfate salt. 
Upon autopsy and dissection a group of 19 repre- 
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The above formula will hold true if the neutron gy, 
remains constant throughout irradiation time, if 4, 
total amount of substance in the sample is not hay 
enough to depress appreciably the neutron flyy, ani 
if the irradiation is not intense enough to significany 
decrease the amount of isotope B to form isotope \ 
One does not always have to determine the absolyy 


various trace elements, one may take a sample of the 
tissue or tissue extract and, after proper processing, 
expose this sample to a source of nuclear particles, 
e.g. in a pile or cyclotron. Several of the elements 
present in this sample may become radioactive, and, 
after a known exposure, the amount of each newly 
formed radioactive isotope may be measured by stand- 
ard radiochemical techniques. If a radioactive iso- neutron flux in such a case. It is more convenient y 
tope A is formed from trace element B, the mass of measure the radioactivity induced after simultane, 
the element B originally present in the sample may be _ irradiation of a known mass of element B. If pe, 
: ealeulated from the formula: trons are used as the activating agent, there are sony 


50 elements of biological importance which have lar, 
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listed in Table 1. 


Activation analysis may be also used for the stujy 


where: x=unknown mass; A=atomie weight; F = 
particle finx; 4=deeay constant of induced radio- 


TABLE 1 


ESTIMATED DETECTION LIMIT OF ACTIVATION ANALYSIS FOR a Few ELEMENTS, USING THERMAL NEUTRON 
CAPTURE REACTION* 


Natural Amt 


Half Time ‘oe 
Symbol Atomic Atomic weaned life of Length of elapsed tht 
of No. Wt — induced exposure after 40 one 
” section : disintegra 
element (Z) (A) ; activity (t) exposure 
(ao x 10°4 (T) (7) tions 
in em?) (gm) 
Na 11 23 0.63 14.8 hr oT ¥ 2.4 x 10-* 
P 15 31 0.25 14.3 d oT “%, T 6.4 x 10°" 
ix 19 41 0.067 12.4 hr Be » T 4x10 
Ca 20 44 0.013 180 d 0.02 T = 2.2 x 10-7 
se 21 45 22.0 85d 0.2 T 2T 10-" 
Cr 24 50 0.5 26.5 d 0.4 T 5 ey 5x 10-° 
Mn 25 55 10.7 2.59 hr | ey » T 1.8 x 10-* 
Fe 26 58 0.001 47 a v2 T 57 2.5 x 10 
Cu 29 6: 2.0 12.8 hr ee 3 5 T 2.1=x 10° 
Zn 30 64 0.26 250d \ T x T 4x 10-4 
As 33 75 4.2 26.8 hr Be 5 T 1.2 x 10-° 
Br 35 81 1.11 t4 hr 17T 5 T 4.8 x 10°" 
Mo 42 98 1 67 hr i aT 6.5 *« 10° 
Rh 5 103 137 44 sec hie oT 0.4 x 10°! 
Ag +7 109 1. 225 d 0.05 T 0.3 T 1.6 x 10° 
In 49 113 2.52 48d 0.5 T rth 2.8 x 10-* 
Sb 51 121 3.8 28d :F 5 7T 2.4 10° 
Te 52 126 0.15 9.3 hr me 5 T 5.5 x 10 
I 53 127 6.25 25 min i oT 1.3 x 10° 
Cs 55 133 25.6 1.7 yr 0.002 T 0.1 1 2x 10-° 
Ba 56 138 0.367 86 min ) Ee » T 2.5 x 10-° 
Dy 66 164 725 140 min 1T + T 0.15 « 10° 
Pt 78 196 1.20 3.3 d Site »T 2.2.x 10-° 
Au 79 197 96.4 2.7da 2T 5T 2.7x10-* 
Keg 80 202 O.725 51.5 6.25 4 29 6x10 
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Representative decay curves of bombarded tissue ash samples (mouse). 


gold has an unusually large cross section for neutrons 
and since it is being used in this laboratory in con- 
nection with the study of rheumatoid arthritis (7), 
it appeared to be worth while to start with this ele- 
ment. The technique of its separation, deposition, 
and counting has been described by one of us (5). 
One normal female mouse, age six months, was in- 
jected in the tail vein with 10 ug of stable Au in the 
form of the soluble sodium gold thiosulfate salt. 
Upon autopsy and dissection a group of 19 repre- 
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sentative tissue samples was selected. Each sample 
was wet ashed, then irradicated by slow neutrons in 
a pile.* After irradiation and a suitable cooling 
period, the ash was dissolved in aqua regia. A small 
.portion was used to prepare samples for counting. 
Typical decay curves from the counting of the latter 
are to be found in Fig. 1. Since counting began about 
one week after irradiation, some of the important short- 
lived isotopes are not present in these eurves (Na*4, 
K**, ete.) The effective half life of several of the 
tissue ash samples was found to be between 14 and 15 


TABLE 2 


RELATIVE RADIOACTIVITY OF IRRADIATED ASH ONE WEEK 
FOLLOWING EXPOSURE TO THERMAL NEUTRONS 





Relative 





Esti- 
- Wet wt mated activity */ 
Tissue 

(mg) ash wt mg of 
(mg) ash wt 
RE a ae Se ea 29.8 4.9 1,000 
PARCPORE 2... <cisecs 179.6 3.9 1.500 
4 fae 305.6 3.9 1,720 
ps iy |) a ce 61.8 0.8 1,660 
ee eee a eee 141.4 - 1.110 
So a ee er oe 1,458.8 57.0 500 
ee ee 436.1 6.8 1,220 
0 ae eee 107.2 1.1 1,780 
-  SSe Criceerr 173.2 2.1 1,500 
OU fo ccm eal 21.8 0.3 1,110 
| ane ere 11.6 0.2 830 
Lymph nodes ...... 30.8 0.2 1,660 
ee ene 70.4 0.9 1,060 
a re 0.15 (ml) 3.0 195 
Gall bladder ...... 14.6 0.1 830 
2. a ry eee 101.6 5.1 145 
Pete Poss. tc os 5.4 0.4 78 
PE LP rr re: 3,832.7 64.0 244 

Se a 9.15 (ml) 3.0 11.1 


Control sample tube 


fo og eee are very small; veryemall 3 .sess0. 








* Mean of measurements on two samples. 


days, which would indicate that the prineipal activity 
is due to P**. By using the value of the counting 
rates obtained on the fourth day after removal from 
the pile, the relative activities of several of the sam- 
ples were determined. These data, for the tissues of 
the mouse, are shown in Table 2, where the samples 
are listed according to decreasing radioactivity per mg 
Also listed are the activities per mg 
of estimated dry ash. The radioactivity per unit wet 
weight is roughly proportional to the phosphorus con- 
tent of each organ, while the relative activity per mg 
dry ash weight is almost constant for most organs, 
indicating that the ash has an approximately constant 
percentage of phosphorus. At the end of 90 days the 
radioactivity of phosphorus decreased sufficiently to 
make some of the longer-lived components appear. 


of wet tissue. 


*Curtis and Teresi have previously demonstrated various 
radioactivities induced in tissues by neutrons (4). 


——_ 


Another portion of the solution was used to Make 
radiochemical separations of various elements, ; 
order to study.the distribution of these elements ay) 
the administered gold. The first part of this Work 
namely, the study of the distribution of gold, is yo 
complete. The activated gold was separated fy, 
each sample by precipitating it, with carrier, ag th 
metal. The activities were determined after elec, 
plating on platinum planchets. The half life of exg 


sample was calculated. The values obtained show 


ACTIVITY, ARBITRARY UNITS 





° 2 4 6 8 Le) 2 4 
DAYS 


Fic, 2. Representative curves of Au’ recovered 
from tissue samples which were wet ashed and then bom 


barded by neutrons. 


decay 


that excellent separation of the Au? activity hi 
been obtained. Typical decay curves are shown I 
Fig. 2. Table 3 gives the results of the distributia 
of radioactive gold. To some extent, these paral 
the data obtained with mice injected with Au 
Twenty-three per cent of the gold injected was ® 
covered, which indicates that the rest of it was & 
ereted in the one-month period. In the determin 
tion of the gold distribution a monitoring sample ¥# 
used. This was prepared by simultaneously ira 
ating 10 ug of pure gold, as the chloride, with tH 
same flux of neutrons as was received by the sampé 
of mouse tissue. The activity of this gold samp 
was also used to calculate the neutron flux of the pit 
since the cross section of Au'®* for neutron capt" 
is known. 

In another experiment 20 ml of blood from! 
leukemic patient was fractionated into plasma, whit 
cells, and red cells. These three ashed samples ¥ 
also irradiated in the pile. The activity of the bl 
fractions, shown in Table 4, indicates that the relallt 
radioactivity induced in the white cells per mg of an 
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<h weight is about 10 times as high as that induced 
red cells, or 50 times as high as the radioactivity 














ts an duced in the plasma. Our attention is now focused 
Wor fame, isolating the several isotopes which are responsible 
IS Loy or the white cell radioactivity. The powerful possi- 
froy 
as the TABLE 3 
Lectry, DISTRIBUTION OF GOLD IN A MOUSE* 
f ead a Mass of Amt of 
howe organ <Au?/gm ayent 
amt of 
(gm) of wet Au? /organ 
tissue (em) 
(gm) 
‘ A saa tneammemah ia ins aid’) vivid o 0 10 x 10-8 
Le eee” eee 1.458 4.4 x10- 640 x«10-° 
/ ae st, mie rae 0.022 43 x10- 9.5 x 19-9 
++ Seer ee 0.062 3.2 x107 19 x 10-9 
nei: <cean os 0.012 B81 x10- 3.6 x 10-8 
2: ie ea a a i a tary 0.175 2.6 x10- 46 x10-° 
ymph nodes ..... 0.031 2.2 x10“ 6.8 x 10-° 
| ad ae ketene 0.141 1.7 x10- 24 x10 
Sree 0.306 1.6 x10- 49 x 10-9 
+ RN A od iia ck oe 0.107 1. > <2" 16 x10-° 
J] MMone ...........- 2.600 1.1 x 10-7 290 x 10-9 
! ee one 0.015 1.1 «10-7 1.6 x 10-° 
ce | ron ee ee 3.100 10° ¥ 20" 310 x10-9 
. all bladder ...... 0.015 1.0 x 10-7 1.5 x 10-9 
N Oe eee re 0.050 0.7 x10 3.5 x 10-9 
.s RBA Poet at 11.20 0.65 x 10-7 730 x10-9 
aN ed & white cells . . 1.05 0.65 x 10-7 69 x10-° 
| re ae 0.502 0.2 x10-* 10 x10-° 
OO ee 3.6 0.09 x 10-7 sz xid- 
| Beer ere eee 1.0 0.05 «x 10-7 5 x 10-9 
tN BD oo a a CERN i he. 2276.5 x 10-9 
gm or— 23% 
of total 
te injected 
n bom 





*10 ug of stable gold administered intravenously to a 
house in the form of gold sodium thiosulfate. 
Mouse sacrificed 30 days after administration, tissues wet 


ty had 
. shed and irradiated in the Hanford pile. 


wn o Subsequently the gold was removed by radiochemical meth- 

bution Is, and its half life and beta-ray energy verified and counted 
y h duplicate samples. 

varalle , 

Au 


ilities whieh this technique offers are clearly illus- 
ated in Table 5, which lists the Au found in the 


yas Tt 


blood of a leukemic patient. The computations give 
14 ug of gold for the total white cell volume of the 
body. To determine this small amount, one need use 
only about 10 ce of blood. 


TABLE 4 


{ELATIVE RADIOACTIVITY OF IRRADIATED BLoop ASH 
FROM A PATIENT WITH LYMPHOID LEUKEMIA 
(One week after exposure to neutrons) 





Estimated 





Relative 

: ash wt activity* 

Tissue used in “ee 
determination mg 0 

(mg) ash wt 
Te 114 1 
White cells} ..... Ss 11 
Plasma 


ap eens Ces 280 0.2 





* Mean of measurements on two samples. 
+ The white cells were prepared by centrifuging with beef 
albumin. 


These considerations and experimental data indicate 
that microanalysis of tissue constituents by induced 
radioactivity may become a useful technique for the 
determination of ultramicro amounts of a number of 


TABLE 5 


DISTRIBUTION OF GOLD IN HUMAN BLOOD FROM A 
LEUKEMIC PATIENT 











Estimated Gm of Total 
; 7 Au’? in 
wet mass Au!*?/gm . : 
: circulation 
in body of wet 
of person 
(gm) mass 
(gm) 
White cells ..... 13 11 x 10-8 14.3 x 10-6 
re 2,600 0.4 x10-8 10.5 x 10-8 
BPRS i) 6 6 aac 2,650 0.07 x 10-8 18.5 x 10-6 
elements. It is expected that the technique will play 


an important role not only in tracer biochemistry but 
in plant nutrition, pharmacology, and toxicology as 
well. 


ras él 
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TECHNICAL PAPERS 


Creation of a “co” Meson by a Highly Ionizing 
Nucleus in the Cosmic Radiations* 


J. J. Lord and Marcel Schein 


Department of Physics, University of Chicago 


A 100-u-thick boron-loaded Ilford C2 plate was exposed 
to the cosmic radiation through the use of free balloons 
which remained at altitudes corresponding to pressures 
between 4 and 6 em of Hg for 11 hrs. 
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sion and into the glass backing at (b). At a point » 


this column 26 y from the upper surface, a ‘6’? mos, 
originates and travels 158 yw, where it stops and is cap 
tured, producing a nuclear disintegration in which th 
visibly ionizing particles (e), (d), and (¢) are emittej 
Fig. 2 is a drawing in which the tracks in this event }gy, 
been projected on the plane defined by the tangent , 
the meson track at the point of creation and the gilye 
column from (a) to (b). The grain densities of section, 
(a) and (b) are considerably greater than those corn 
sponding to protons or alpha particles capable of ep. 








100 microns 
Fic. 


The mosaic of microphotographs in Fig. 1 shows an 
example of an unusual case of the production of a ‘‘o’’ 
meson in the emulsion of this plate. The elementary act 
in which this meson was produced differs from those 
found by Powell and his collaborators (2). 

A column of silver grains passes steeply (64°) from 
the top of the emulsion (a) completely through the emul- 


1 Assisted by the joint program of the Office of Naval Re- 
search and the Atomic Energy Commission. 


t 


ating a meson of mass energy which is known trod 
measurements with the synchrocyelotron in Berkel 
California, to be 143 mev. Section (b) of the ecolum * 
pears to be slightly more dense than (a). This * 
difference, however, may be due to a loss in resolvilt 
power of the microscopic system when viewing grains # 
greater depths beneath the surface of the emulsion. 
upper limit to the difference in the grain densities abo 
and below the point at which the meson is created is & 
tainly less than 10%. The measured deviation of th 
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olumn from (a) to (b) is less than 1°, which is about 
the deviation expected for a straight track of 110 » due 
9 emulsion distortions in the central regions of a plate. 
It seems impossible that this meson is produced in a 
nuclear disintegration of the ordinary type in which the 
only other visible tracks, (a) and (b), of nearly the 
grain densities travel in opposite directions along 
This strongly suggests that the track 


Nt op same 



























meson ,» straight line. 
8 cap rom (a) to (b) is due to a single particle passing 
ch the hrough the emulsion which interacts with one of the 
nitted, 
t have a7 
Cnt to 
silver 
ections 
corte: 
of ep. 
—_ as 
= a _ e 
pee) es 
d 
a 
100 MICRONS 
Fic. 2. 
uclei in this emulsion to create a meson. This is further 
ugmented by the existence in this emulsion of several 
ther heavy nuclei tracks of the same character as re- 
orted previously (1). This was shown by tracing the 
assage of 8 of these particles down through a 0.325-em- 
hick lead plate and into a similar photographie emulsion. 
nie wo of these were followed on through an additional 3.9 
m of lead into another photographie emulsion. 
The track from (a) to (b) in Fig. 1 could not be 
raced through the 0.325-em lead plate, and this places 
n upper limit on the range of the particle producing the 
heson, This, coupled with the small change of less than 
'‘% in the ionization after the creation of the meson, 
ows that the particle had a maximum energy of several 
‘vy at the point where the meson was created and a nu- 
lear charge between 7 and 20 unit electronic charges. 
The absence of a large nuclear disintegration demon- 
vn frow rates that the meson was created in a pure nucleon- 
aad cleon interaetion. This seems to indicate that nuclei 
‘il ee s be greatly transparent to the bombardment of 
Pa anil "pped nuclei of energies capable of producing a meson. 
resolving 
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Analysis of Insect Food Habits by 
Crop Examination 


Frederick B. Isely' and Gordon Alexander 


Department of Biology, Trinity University, 
San Antonio, Texas, and 

Department of Biology, 

University of Colorado, Boulder 





It has been common practice for many years to deter- 
mine the food habits of birds and mammals by examina- 
tion of crop or stomach contents, but there appears to 
have been no effort to apply the same technique system- 
atically to the study of the food habits of insects. Re- 
cent studies, however, demonstrate clearly both the feasi- 
bility of the technique and its value in determining food 
habits under natural conditions. 

The technique is probably applicable to all insects with 
chewing mouth parts, but in the studies here reported has 
been limited to various types of Orthoptera. In the 
Orthoptera, even those with graminivorous- rather than 
carnivorous-type mandibles (2), the food is not so finely 
divided when it reaches the crop but that much can be 
learned of its character from examining the fragments. 
Whether leaf fragments are from forbs or narrow-leafed 
plants can readily be determined by the character of the 
epidermal cells of the plant fragments found in the 
crop. Even those grasshoppers that feed exclusively on 
grasses and have graminivorous mandibles swallow rela- 
tively large bits of grass. Some plant fragments may 
be quite accurately identified—pollen grains, for example. 
Fragments of insects permit various degrees of identifica- 
tion: scales of Lepidoptera may be intact; wing frag- 
ments of smaller insects may show characteristic patterns 
of venation; or mouth parts and leg parts may be dis- 
tinguishable. In other words, the natural diet of an in- 
sect species may be determined, at least qualitatively, 
from the examination of collected specimens. This means 
that one need not have recourse to laborious methods of 
experimental testing, at least for preliminary studies of 
food selection, and in some cases this technique may 
prove entirely adequate for both quantitative and quali- 
tative determinations of food habits. Since field ob- 
servation has not proved a successful means of judging 
food choice and sinee such observation has led to many 
errors, it appears probable that the method of crop analy- 
sis may prove a valuable guide to food habits of many 
species. It has already yielded significant results for 
certain orthopterans. 

The feasibility of this technique is due to the fact that 
the food eaten by an orthopteran accumulates in the thin- 
walled expansible crop, where it undergoes little digestion 
before passing into the next division of the digestive 
tract. The esophagus in the Orthoptera merges directly 
into the crop, which may or may not be rather definitely 


1 Prof. Isely died December 30, 1947. This report was 
prepared by the junior author from his notes and supple- 
mentary observations. 
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separated by a constriction from the next section, the 
proventriculus. In the Gryllidae and Tettigoniidae (e.g., 
Conocephalus, see Fig. 1) the constriction is quite evi- 





Fic. 1. 
tus, approximately 3 times natural size. 
distended as it is when filled. 


Head and digestive tract of Conocephalus fascia- 
The crop (cr) is 
When the tract is pulled out 


with the head, it usually breaks at the indentation just 
posterior to the proventriculus (pv). 
dent; in the Acridiidae it is less noticeable. In either 


case, however, food accumulates in the crop in a state of 
incomplete mastication. Examination of the crop con- 
tents may be most simply carried out by pulling off the 
head of the freshly killed insect. The digestive tract, at 
least the anterior part, will remain attached to the head. 
In crickets, katydids, and meadow grasshoppers the tract 
usually breaks at the constriction forming the posterior 
boundary of the proventriculus. In the short-horned 
grasshoppers practically the entire tract may be pulled 
out with the head. In either case, the crop may be 
opened at the anterior or posterior end and its contents 
pushed out. Teased apart in a drop of water on a 
microscope slide, the contents are ready for examination. 
The crop contents of specimens collected years before can 
be examined successfully if a little more care is observed. 
The contents of the crop, either from fresh or dried ma- 
terial, if placed under a sealed cover glass in 40 parts of 
10% formalin and 60 parts of glycerine, can be studied 
at leisure. 

The value of crop analysis is well illustrated by the 
fact that studies recently carried out on several species 
of meadow grasshoppers (Conocephalinae) show conclu- 
sively that insects constitute a part of their normal diet. 
Certain other members of the Tettigoniidae, particularly 
decticids, are known to be carnivorous (3). The carniv- 
orous habits of the meadow grasshoppers, on the other 
hand, while known, have been considered aberrant modi- 
fications of the normal feeding behavior (1). These first 
studies, which are to be reported in extended form else- 
where, show further that the vegetative parts of plants 
are rarely, if at all, eaten by these Conocephalinae. These 
insects subsist on flowers, pollen, and seeds of grasses, 
in addition to insects, normally deriving little if any food 
from the leaves of either the grasses or the broad-leafed 
plants among which they live. Inasmuch as it has been 
assumed, largely on the basis of analogy, that meadow 
grasshoppers exert significant pressure on meadow vege- 
tation (4), the method of crop analysis has in this case 
demonstrated that the biotic role of this group of in- 
sects is quite different from that which has been assumed 






































——__ 


for it for many years. These species, which we hare 
believed harmful, may, on the basis of these Studies, }, 
considered beneficial, or at least neutral, in their €COlogi. 
eal role. An expansion of this technique to the study 
the food habits of other species may yield equally jp 
teresting and significant results. 
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Evidence That Two Different Plant Viruss 
Can Multiply Simultaneously 
in the Same Cell? 


Frank P. McWhorter? and W. C. Price 


Oregon State College and Department of Biological Science, 
University of Pittsburgh 


It is well known that a plant may harbor two or mor 
viruses at the same time. Indeed, infection of a plat 
with two nonrelated viruses, which alone cause only mill 
symptoms, sometimes results in a seyere disease. Thus, 
mild tobacco mosaic and potato mottle viruses togetl: 
produce a serious disease of tomato known as streak (’. 
It has been presumed, but not proved, that two sud 
nonrelated viruses may occupy the same cell, Exper 
ments reported here demonstrate the presence of incl 
sions of both tobacco mosaie arid tobacco etch viruses 1 
a large number of cells of doubly infected tobacco plan's 
Since these inclusions are closely associated with the t 
spective viruses, their presence together indicates that tle 
viruses increased simultaneously in the same cell. 

The type strain of tobacco mosaie virus, which we us 
forms abundant hexagonal crystals in the cytoplasm 
its host. The mild strain of tobacco etch virus likews 
produces crystals, often plate-like, but easily differ 
tiated from those of tobacco mosaic virus, being differ! 
in size, form, and location. They oceur characteristics! 
in the nuclei but can sometimes be seen in the cytoplas® 
Such inelusions were first described for the severe str! 
of tobacco etch by Kassanis (4). 

The crystalline inclusions are usable for identify 
tobacco mosaic and tobacco etch viruses within es 
Each of these viruses forms, in the cytoplasm, amorph0® 
bodies which MeWhorter (6) has designated as viroplas' 
The viroplasts vary in structure; those of tobacco mos 
cannot always be distinguished from those of tobat 
etch. They are not, therefore, readily usable for ide” 
fying the respective viruses within cells. 


fot 


1 Aided by a grant from the National Foundatio? 


Infantile Paralysis. 
2Senior Research Fellow, University of Pittsburgh, frit 
January to May, 1948. 
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e hay Nicotiana tabacum L. and N. sylvestris Spegaz. and 
ies ’ pmes were used as host plants for this study. They were 
moculated with the two viruses either simultaneously or 


COlogi ; 
udy ¢f t intervals of one and four days. Controls consisted of 
ly ' slants inoculated with only one virus. The macroscopic 


ymptoms of tobaeco etch usually developed from one to 
nree days before those of tobacco mosaic. Symptoms 
f both viruses were easily seen in doubly inoculated 
slants during onset and up to two or three weeks after 
moculation. Later, symptoms were predominantly those 
f etch, doubly infected plants being distinguished from 
ose infected with etch alone merely by a slight redue- 


Mass: 
» 194 
STAT}. ae 
jon in size. 

Slides for microscopic examination were prepared by 
utting thin slices of tissue, with trichomes attached, from 
ie veins and edges of leaves, and mounting the tissue in 
85% NaCl. Cytological examinations were made on the 
Ith and 40th days after inoculation. 

The size and location of leaves wherein complete ex- 
pression of cytological symptoms regularly occurred were 
etermined for both viruses by examination of control 
ants. Corresponding leaves of doubly infected plants 
rere then studied to determine the distribution of the two 
iruses in individual cells. The first cytological exami- 
ation revealed the presence of crystalline inclusions of 
oth viruses in every observed integumentary cell of such 
eaves from simultaneously inoculated plants. This was 
ot entirely true for corresponding leaves of plants in- 
ulated first with one virus and four days later with the 


iTUse 


Ciences, 


PF more 
a plant 
ly mil 

Thus, 
ogether 
ak (} 
vO sul 
Expet: 


f inclu 


ther. In such plants, cells of leaves near the point of 
noculation showed inclusions dominantly or entirely of 
he primary virus only. Cells of leaves higher up the 
lant, however, nearly always showed inclusions of both 
he primary and the challenge virus. 

When the plants were reexamined 40 days after inocu- 
ation, again nearly every observed cell of appropriate 
paves showed erystalline inclusions of both viruses. In 
lany cases, leaves near the tops of the plants showed only 
obaceo etch inclusions while those lower down the plant 
owed both. This observation suggests that inclusions 
f etch develop sooner than those of mosaic in old plants 


ruses i 
) plants 

the te 
that the 


we Usel, 
Jasm 0! 
likewise 
Lifferet 
lifferest 
isticall’ 
toplast 
"e strald 


nd may help explain the dominance of etch symptoms. 
The hexagonal plates of tobacco mosaic are known to 
e closely associated with tobacco mosaic virus. Like- 
ise, the intranuclear crystalline inclusions of tobacco 
tech are closely associated with tobacco etch virus. 
ince it is very unlikely that the materials composing 
hese inclusions were formed in distant cells and trans- 
rred in toto to the many cells where they were found 


ay purring together, the evidence indicates not only that 
orphes € two viruses were present in the same cells, but also 
roplatt abv multiplied in the same cells. 

Xperiments reported above gave no evidence of inter- 


) mosilt 
tobact? 
r ident 


rence between tobacco mosaic and tobacco etch viruses, 
ch as that reported between the severe strain of tobacco 
tch virus and potato Y virus (1). The interference phe- 
Smenon is well established for bacteriophages (2) and 
T certain viruses that cause disease in man and other 
nmals (3. 8), It has been demonstrated for plant vi- 
Ses only in the case cited above. However, the litera- 
re On interference oceasionally confuses this phenom- 


tion fit 


gh, fro 


enon with cross protection such as was observed by 
Kunkel (5) between tobacco and aucuba mosaie viruses. 
It seems worth while to point out here that cross protec- 
tion, in contrast with interference, consists of the protee- 
tion afforded a plant by virtue of a previous infection 
with a closely related virus strain. Nonrelated viruses 
do not ordinarily give such protection. 
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Catheterization of the Coronary Sinus, 
Right Heart, and Other Viscera With 
A Modified Venous Catheter 


Walter T. Goodale,’ Martin Lubin, 
William G. Banfield, Jr., and Donald B. Hackel 


Medical Division, Army Chemical Center, 
Edgewood, Maryland 


A technique of coronary sinus catheterization (10) has 
made it possible to study coronary blood flow and myo- 
cardial metabolism in intact dogs (6, 7, 11) and has 
been recently applied to similar studies in man (2, 3) 
More recently a modified venous catheter has been devised 
to meet several of the special problems encountered in this 
procedure. In extensive trials in man, with Bing and his 
associates (3), as well as in dogs, the modified catheter 
described in this report appeared to facilitate catheteri- 
zation of not only the coronary sinus, but also other 
regions in the heart and visceral veins. 

The venous catheter now most generally used was 
designed by Cournand and Ranges (4), some years fol- 
lowing Forssman’s original description of right auricular 
catheterization in man (8). It is 100 em long, of the 
ureteral type, with a woven shellacked nylon core covered 
with a heavy X-ray-opaque plastic coating and with a 


1 Present address : Peter Bent Brigham Hospital, Boston 15, 
Massachusetts. 


2The application of this technique, together with the 
nitrous oxide blood-flow method of Kety and Schmidt (12), 
to the measurement of coronary blood flow in man, has been 
a joint project undertaken by Bing and his co-workers at 
Johns Hopkins University Medical School, in cooperation with 
the authors and with Eckenhoff and his associates at the 
University of Pennsylvania Medical School (2). To all of 
these, the authors are deeply grateful for their collaboration 
and interest, and to Normal C. Jeckel and Edward W. Grant, 
of the U. S. Catheter and Instrument Corporation, for their 
help and advice. 
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curved tip terminating in a single straight opening or 
‘‘eye.’’ (A catheter 125 em in length is usually neces- 
sary for Dexter’s technique of sampling blood from the 
pulmonary capillary bed 3.) 

Using this standard catheter, it has often been difficult 
to obtain blood samples from the coronary sinus and 
eardiae veins. Probably a vessel wall or valve leaflet has 
occluded the single terminal eye as suction has been ap- 
plied with the sampling syringe, even though fluid could 
always be freely injected through the catheter. This 
difficulty was sometimes encountered in drawing blood 
from other regions, such as the hepatic or renal veins or 
the right ventricle, and was greater with smaller catheters 
(No. 6 to No. 8F). However, for avoiding coronary 
venous obstruction and possible intimal damage (11), 
these smaller catheters have been desirable. Pressure 
recordings have also been damped sometimes, apparently 
by the single terminal eye impinging upon a closely con- 
fining vessel wall or even upon the endocardial surface. 


SOFT : 
Tie ; STIFF SHAFT, NYLON GORE REINFORCED 


+--100 CM--- 


‘ 
' 
1 


APER-- 


Fic. 1. Bird’s-eye catheter (tapered). 


The standard venous catheter of Cournand has, there- 
fore, been modified by the addition of two small side eyes, 
or what we have termed ‘‘bird’s-eyes,’’ with shallow 
grooves in the outer surface of the catheter leading for- 
ward from the side eyes to the usual terminal eye (Fig. 
1).*° These features have prevented effective suction from 
being applied to a vessel wail, endocardium, or coronary- 
sinus valve leaflet during sampling, and no difficulties in 
withdrawing blood samples from any visceral vein have 
been encountered. Reasonable pressure recordings have 
been obtained which, if anything, have been less damped 
than those previously obtained in the right auricle and 
coronary venous system with the standard catheter. Any 
possible local trauma or cardiac arrhythmia arising from 
suction of intima or endocardium against the usual tip 
should also be minimized by the multiple eyes which break 
any suction against the modified catheter tip. 

The ‘‘bird’s-eyes’’ have been placed only 2 mm behind 
the tip, allowing accurate localization of blood samples 
and pressure recordings. The whole tip, including the 
grooves, has been given several extra coats of plastic 
finish to ensure a smooth atraumatic surface. 

As a further modification, a tapered tip, also illus- 
trated in Fig. 1, has proved valuable in catheterizing 
the hepatie and renal veins, as well as the coronary venous 
system of dogs and man (9). A No. 9F shaft with a 


* Available from the U. S. Catheter and Instrument Cor- 
poration, 334 Bay Street, Glens Falls, New York. 
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gradual taper to a No. 7}F from a point 5 ein to re 
from the tip, or a No. 8F tapered to a No. 63F tip, ws 
found to be most advantageous. The nylon core hag be 
doubly woven to a point 3 em from the tip. This tapeny 
catheter has combined the advantages of a relatiyy, 
large, stiff, nonbuckling, easily manipulated, and eg, 
visualized catheter shaft with a smaller, more flexible a 
traumatic, and nonobstructing tip. This modification j, 
facilitated controlled gentle insertion of the catheter 7 
the coronary sinus. As an alternative, however, a No 
or No. 8F modified ‘‘bird’s-eye’’ catheter without a ty, 
has been used in man, often with a stylet inserted , 
within 3-4 em of the tip to lend sufficient stiffness to 4, 
catheter shaft for controlled insertion (3). The sty 
has then been removed as soon as the catheter had be 
successfully inserted into the coronary sinus. 

The tapered catheter has a uniform No. 7 or No, # 
bore throughout its entire length, providing a minin: 
dead-space volume. Occurring at a known distance frm 
the tip, the taper provided a landmark under fiuoroscy 
for direct estimation of the depth of insertion of te 
catheter into the coronary venous system. 

Earlier workers were discouraged from using a cathe 
with side eyes or multiple eyes by the tendency for bl 
With th 
present modified catheter this has been avoided by ke» 


clots to form and obstruct the catheter lumen. 


ing the catheter thoroughly washed out with saline 
tween samplings. A continuous saline infusion had to! 
maintained in addition to an injection of 5-10 c ¢ 
saline after each observation or sample. The groovesi 
the outer surface of the modified catheter tip prevent 
complete obstruction of either side eye by a vessel wil 
so that the saline infusion constantly washed all 3 ope 
ings free of blood which might otherwise stagnate wi 
clot. It was not necessary to add heparin to the 
tinuous infusion, although several investigators adi ° 
mg/liter as an extra precaution against clotting. (thes 
prefer to fill only the dead space of the catheter wi 
the proper amount of heparin just before drawing eit 
blood sample, so that the patient himself will receive" 
heparin. Traces of this heparin then appear to cling! 
the sides of the catheter lumen during the ensuing wi# 
out and sampling in sufficient quantity to prevent clottit fos 
until fresh saline infusion ean be re-established. 1 
platelet thrombi were sometimes found in the side ¢* 
after long procedures in man, but usually did not im 
fere with sampling. 

In dogs, which have a more active clotting mechal® 
than man (1), an additional routine for preventing ct 
ting in the catheter was often necessary (11). ™ 
might also be of value in man. The routine conss® 
of baking the catheter dry following the usual! chemi 
sterilization and dipping the tip in full-strength hep” 
(Liquamine, Lilly) for an hour just before use. Aft 
proper drying the hydrophilic plastie coating absorltt 
enough heparin to act as an effective local surface 
coagulant. 

Baking (at 110-120° © dry heat for 1-2 hrs) ™ 
stiffens the catheter, making it easier to manipulate it 
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and probably less traumatically (5). Excessive 


to 2 rately , 
tip, y, it (over 125° () or too frequent baking shortens the 

» Wai 1H 
has bye of the catheter. The only alternative to occasional 
me te e ; : ; 
taper king, when the catheter finally becomes too limp to 

. ‘ . . ° 
elating ntrol, is the use of a stylet to lend sufficient stiffness 

er , i ; 
d eagih r controlled insertion, as deseribed above. 
ible, leg 
tion | References 

Nas 
ater in BANFIELD, W. G., JR., HACKEL, D. B., and GoopaLe, W. T. 

an (To be published. ) 
hey pine, R. J., GOODALE, W. T., ECKENHOFF, J. E., HANDELS- 
a Lape man, J. C., CAMPBELL, J, A., GrIswoLp, H. E., VAN 
erted Dam, L. D., HARMEL, M. H., HAFKENSCHIEL, J. H., 
3s t ; Lupin, M., and Kery, 8. 8S. J. clin. Invest., 1948, 27, 
a8 to th wc 

dar. 

© aye Binc, R. J., GoopaALe, W. T., HANDLESMAN, J. C., and 
ad bea EcKENHOFF, J. E. (To be published.) 


CourRNAND, A., and RANGES, E. A. Proc. Soc. exp. Biol. 
Med., 1941, 46, 462. 

Dexter, L., HAYNES, F. W., BURWELL, C. 
E. C., SEIBEL, R. E., and Evans, J. M. 
vest., 1947, 26, 547. 

EcKENHOFF, J. E., HAFKENSCHIEL, J. H., Fourz, E. L., 
and Driver, R. L. Amer. J. Physiol., 1948, 152, 545. 

EcKENHOFF, J. E., HAFKENSCHIEL, J. H., HARMEL, M. H., 
GooDALE, W. T., LUBIN, M., BInG, R. J., and KeErty, 


No. ff 


Minin: 


S., EPPINGER, 

J. clin. In- 
ce frog 
TOSCO 


| of th 





cathete Ss. S. Amer. J. Physiol., 1948, 152, 356 

or blow ForssMAN, W. Alin. Wachr., 1929, 8, 2085. 

a . GoopaLe, W. T., Unpublished data. 

Vith th ™. GoopaLe, W. T., LuBin, M., and BANFIELD, W. G., Jr. 
vy kee Amer. J. med. Sci, 1947, 214, 695. 

line te 1. GoopALe, W. T., LuBINnN, M., ECKENHOFF, J. E., HAFKEN- 
ad tole SCHIEL, J. H., and BANFIELD, W. G., JR. Amer. Jd. 


Physiol., 1948, 152, 340. 
Kety, S. S., and Scumipt, C. F. 
1945, 143, 53. 


0 ce @ 


Amer. J. Physiol.., 































Ooves I 
reventel 
se] wal 
3 opel 
ate an 
the con 
add 2 


Other 


Modified Photoelectric Apparatus for 
ermeability Studies? 


. R. Hunter 


epartment of Zoological Sciences, 


er with f 
. niversity of Oklahoma, Norman 
ng ee 


ceive | Raw 4 . 
Ka For a number of years the author has been using a 
cling hotoelectric technique for measuring the permeability of 
rythrocytes similar to that deseribed by Parpart (3). 


Host of the experiments have involved hemolysis studies 


ig wall 
clot 
|. Tos 
ide 


yt inter 


f chicken erythrocytes. Since the rate of hemolysis may 
influenced by a number of different factors (e.g., 
acobs, 2) it was decided to use swelling measurements 
ily as an indieation of permeability changes. The 
uthor has experienced much more difficulty in obtaining 
heasurable light changes when chicken erythrocytes swell, 
Owever, than when mammalian erythrocytes are used. 

It was thought that perhaps greater sensitivity could 


ehanis 
ng clot 
Ths 


onsist# 


‘hemict obtained using light of a wave length corresponding to 
ar } Or} } e . . . 

hepat™ © region of the spectrum which is maximally absorbed 
Shor iV > cr] * ° 
Atte Y hemoglobin. Consequently, the light was passed 


hal T ho ~ + o . 
bsorle! ough a green filter? before going through the erythro- 


ee qilt 1This y ork w 


ubii as made possible by grants from the U. 8. 
ne Health Serviee and from the Faculty Research Fund 
Pp the University of Oklahoma. 


*Corni class | 
& ting glass filter #4010, which has maximum trans- 
PSSiON at 525 mu 
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Fic. 1 


cyte suspension. This, however, decreased the light trans- 
mission to such an extent that the current produced by 
the photronic cell; was too small to give a measurable de- 


flection of the galvanometer. A photoelectric call and 
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Fic. 2 


amplifier were substituted for the photronie cell with 
satisfactory results. A photograph of the photocell-am- 
plifier unit’ is shown in Fig. 1 and a diagram of the cir- 
cuit, in Fig. 2. 


3The author is indebted to Hans Weltin, Department of 
Physics, University of California, Santa Barbara, for the 
design and construction of this unit. 
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a 
Much greater sensitivity and flexibility of the appa- Figs. 3 and 4 illustrate the performance of the ay 


ratus can be obtained without the green filter, using more ratus when used without the filter. In obtaining Ff; 
3A, B, and C and 4B the shunt was set to give nox 


WV maximum sensitivity and the amplifier to give mayip, 





° ” A B 


a Fic. 4. The swelling of human erythrocytes in 03 y 
=I . glycerol in Ringer Locke. A—0.06 cc of blood (mediy 
« sensitivity on amplifier) ; B— 0.10 ce of blood (maxing 


we e sensitivity on amplifier). 
oe 


C sensitivity. Figures 3D and 4A were obtained with 
09000 nsec? games shunt on next to maximum sensitivity and the amplitx 
’ dak ma . 
»* on medium sensitivity. Figure 3 shows the effect of wr 
3’ ing the concentration of chicken blood added to 1) «¢ 
0.3 M glyeerol in Ringer Locke. The first 15 see ar» 
corded; readings were then taken at 15-see intervals. } 
spite of the difference in deflection with the different wu 
Fic. 3. The effect of concentration on swelling of chicken centrations, half of the total deflection in each instance’ 
erythrocytes in 0.3 M glycerol in Ringer Locke. A—0O.15 
ce of blood; B—0.18 ce of blood; C—0.20 ce of blood; 
D—90.10 ce of blood (medium sensitivity on amplifier). 


reached in approximately 14 min. Figure 4 is a cont 
uous recording of the swelling of human erythrocyte 
0.3 M glycerol in Ringer Locke. In both A and B theé 
concentrated erythrocyte suspensions. It can be seen flection was too great to record the complete curve ont 
from the circuit diagram that the amplifier has three de- camera. A comparison between Figs. 3 and 4 dems 
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Fic. 5. The effect of standing at 37° C on the amount of galvanometer deflection obtained with chicken te 
and human (E, F) erythrocytes swelling in 0.3 M glycerol in Ringer Locke. A—0O hrs; B—3 hrs; C—6 hrs; @ 
hrs: E—} hr; F—12 hrs. 


grees of sensitivity. In addition, an Ayrton shunt is strates the greater galvanometer deflection which ¢al 
placed in the galvanometer circuit which adds another obtained using mammalian erythrocytes. J 
means for varying the sensitivity. Fig. 5 is included to illustrate a possible source of ef 
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keh must be carefully considered in making measure- 
ts of swelling." In a preliminary paper (1) it was 
nted out that untreated chicken erythrocytes, after 
nding for several hours at 37° C hemolyze more rapidly 
n they do during the first few hours at this tempera- 
Fig. 5A-D illustrates that the galvanometer deflec- 
‘nereases as Chicken erythrocytes stand at 37° C. At 
time the whole swelling curve can easily be recorded 
the 12-em bromide paper, but several hours later the 


e. 


deflection of the galvanometer becomes so much greater 
that only the first portion of the curve can be recorded. 
Figs. 5E and F show that no comparable change is ob- 
served when human erythrocytes stand at 37° C3 
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ood Changes Due to Ammonia Inhalation? 




































Ve have read the recent article by Schmidt and Vallen- 
rt entitled ‘‘ Changes in the Blood Following Exposure 
Gaseous Ammonia’’ (Science, November 19, p. 555). 
ere are several serious errors apparent in this work 
ich should be pointed out. 

‘At the meeting of the American Public Health Asso- 
tion in Boston last November, we presented results of 
study involving 30-min exposures of 7 human subjects 
500 ppm of anhydrous NH, gas. A description of the 
ta was submitted for publication in October 1948 and 
| soon appear in a scientific journal. 

A concentration of 500 ppm was used; therefore our 
sults can be compared to those of Schmidt and Vallen- 
stance ¥ tt. We selected }-hr exposures since Henderson and 
& contit aggard (Noxious gases, New York: Reinhold, 1943, p. 
‘ocytes 6) reported that the maximum allowable concentration 
B the é 
ve on te 
4 demu 


in 0.3 y 
(mediu 
Maxinu 


With th 
amplite 
t of vary 
10 ed 
oC are I 
vals. |) 
rent Cit 


ra }- to l-hr exposure is 300 to 500 ppm. 

All 7 subjects experienced irritation of the nose and 
roat immediately, and, in some, the irritation persisted 
as much as 24 hrs. It is surprising that the subject 
ported in Schmidt and Vallencourt’s paper did not ex- 
rience marked irritation of the nose and throat after 
rs’ exposure to a mean concentration of 545 ppm. 

The authors failed to report the details of the exposure 
amber and the subject’s activity during the exposure. 
seems unusual to maintain a gas concentration so well 
an ordinary room unless the dilution rate is close to 
e Tate of gas evolution. Since only two air analyses 
bre made over a period of 4 hours and these were ‘‘ grab 
mples’’ (L. Silverman, Industrial air sampling and 
alysis, Chem. and Tox. Bull. No. 1, Pittsburgh: In- 
strial Hygiene Foundation, 1947), it is quite possible 
at the actual econeentration may have varied widely. 
The values presented in the authors’ Table 1 may be 
estioned in several respects. The most serious discrep- 
‘Y appears to be in the blood-NH, (mg %) values 
olumn 3). If one assumes a minute volume of 20 T° 





1 : 

— represents the mean value of sedentary subjects ex- 
ISOC Five 

a to 500 ppm in our study and represents the increase 
iced by NHs over normal values of 8-12 liters. 





Bs . coe 5 alll 
\cteriologically sterile techniques were observed except 


rin \ foo 4 
ines the ‘ew minutes when the actual swelling measure- 
S Were made 


and an ammonia concentration of 545 ppm (mean of two 
determinations made by the authors) and, finally, that all 
ammonia is retained in a blood volume of 5 liters, then 
the values shown below are obtained. These results 
neglect ammonia conversion to other nitrogenous com- 
pounds and are presented below in comparison to the 
authors’ values. 








TABLE 1 
Time Authors’ Calculated 
(hrs) NHs(mg %) NHs(mg %) 
Normal 00.0 00.0 
1 12.1 8.7 
2 21.9 17.4 
3 27.9 26.2 
4 36.4 34.9 





From this table, it appears that the authors have found 
more ammonia than could theoretically be retained. Pos- 
sible explanations might be either greater respiratory 
minute volume or lower blood volume, but these could 
hardly vary widely enough to explain the discrepancy. 
The invalidity of the assumption that all inhaled am- 
monia is retained is evident from our data, which show 
that the amount of ammonia retained decreases with time 
until after 30 min only 20 to 30% of the inhaled con- 
centration is absorbed, as measured by frequent, exhaled- 
air analyses. The data on blood ammonia presented by 
Schmidt and Vallencourt are rendered even more in- 
credible by reference to Peters and Van Slyke (Quantita- 
tive clinical chemistry Vol. 1, 2nd ed. Baltimore: 
Williams and Wilkins, 1946). The method used was ap- 
parently not accurate enough to detect normal levels of 
blood ammonia, which, with proper methods, is of the 
order of 0.004 to 0.05 mg % (reported by Schmidt and 
Vallencourt: 00.0 mg %). It is well known that am- 
monia concentrations multiply rapidly in drawn blood 
unless rigid precautions are taken. On the other hand, 
the blood level in vivo is kept very near to 0 by the extra- 
ordinary efficiency with which ammonia is converted to 
amide nitrogen in the tissues and to urea in the liver. 
Ammonium salts are readily absorbed from the gastro- 
intestinal tract; however, even large doses evoke but a 
slight transitory rise in blood ammonia, the ammonia 
Administration of 10 to 


being rapidly excreted as urea. 








5 All records were obtained using a recording camera placed 
1 m from a Leeds and Northrop Type R galvanometer with a 
sensitivity of 0.003 ua/mm at 1 m and a period of 3 sec. A 
Kipp and Zonen torsion string galvanometer has also been 
used with satisfactory results. The temperature was 37° C 
in all cases. Figures 3-5 are tracings of the photographic 
records, 
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13 gms of ammonium citrate to normal human subjects 
raised the blood ammonia from 0.02 to 0.04 mg % to 
only 0.06 mg % (quoted by Peters and Van Slyke). 
Furthermore, ammonia is a highly toxic material. Boll- 
man and Mann found that liverless dogs developed signs 
of ammonia (e.g. convulsions) when the 
blood level reached 2.0 mg % (Amer. J. Physiol., 1930, 
92, 92). 

Our studies based on 30-min exposures indicated no 
significant deviations from normal in blood and urine 


intoxication 


nitrogen measurements. 

Schmidt and Vallencourt state: 
for some time that inhalation of ammonia lowered the 
blood pressure, but no quantitative data pertaining to 
this are available.’’ Sollman (A manual of pharma- 
cology, 5th ed. Philadelphia: W. B. Saunders, 1936, 
p. 837) states that the effect of ammonia inhalation is 
a rise of blood pressure, reflex in origin from stimulation 
Beeause of the reflex na- 


‘*Tt has been known 


b 


of trigeminal nerve endings. 
ture of the blood pressure effect and since our results 
showed that ammonia retention decreases with time, one 
would expect the influence of NH; on blood pressure to 
be greatest in the first 30 minutes. We found no con- 
sistent change at the concentration used, which ‘agrees 
with the authors’ finding, but it seems very unlikely that 
a later fall in blood pressure should be attributed to am- 
monia. Schmidt and Vallencourt are curiously indefinite 
on their ‘‘quantitative’’ observations of blood pressure. 
Whether the pressure reported is systolic or diastolic is 
not stated, and it is impossible to generalize about blood 
pressure responses from a single experiment on one indi- 
vidual. In view of the steady decrease in pressure shown 
by the authors for three hrs’ exposure, it is curious that 
further observations were not made, since the decline at 
3 hrs was approaching significantly hypotensive levels. 

LESLIE SILVERMAN and JAMES L. WHITTENBERGER 
Harvard School of Public Health, Boston 


On New Nicotinolytic Compounds 

In previous papers (C. Heymans and G. R. de Vleesch- 
houwer. Arch. int. Pharmacodyn. Thér., 1948, 75, 307, 
413) it has been demonstrated that the diethyl-amino-ethy] 
ester of phenyl-cyclopentane carbonic acid (parpanit) is 
a very active nicotinolytic agent. Intravenous injections 
of 20-30 mg/kg of parpanit indeed suppress all toxic 
actions of high doses of nicotine. 

The present experiments were undertaken with another 
new synthetic compound: N-diethyl-amino-ethyl pheno- 
(diparcol). Some general pharmacological 
properties of this substance were already studied by 
Bovet, Fournel, and Charpentier (Thérapie, 1947, 2, 115° 
and Gordon (Nature, Lond., 1948, 162, 146). 

Our experiments (Commun. Soc. Biol. Montevideo, 
November 25, 1948) were performed on chloralosed dogs. 
Intravenous injections of 15-30 mg/kg of diparcol pro- 
tect completely against 100-200 lethal doses of nicotine. 
No cardiae slowing or irregularities, cardiae fibrillation, 
changes in blood pressure, bronchospasms, hyperperistal- 


thiazine 


sis, convulsions or muscular fibrillations, salivation, or 
paralysis of the respiratory center occurs after intraven- 
ous injections of 100-200 LD of nicotine in dogs pre- 
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treated with diparcol. Thus, this new compound is aly 
a very active nicotinolytic agent. 
Parpanit and diparcol are not only powerful Nicotiy, 
lytic substances but also synapticolytie, parasympatholy 
and anticonvulsant agents. These compounils also ie 
actively protect against high doses of acetyleholy 
pilocarpine, diisopropyl fluorophosphate (DFP), strya 
nine, and Metrazol. 
These experimental observations may have some jy, 
portant practical applications. 
C. Heymans and J. J. Esty 

University of Ghent, Belgium, and 
University of Montevideo, Uruguay 


Nazi Persecution of Scientists 


In connection with Professor Muller’s letter to th 
Soviet Academy of Sciences (Science, October 22, p. 43) 
I think it would be helpful to call the attention of oy, 
American scientist, Army and Navy officer, and Congres 
man, to a few sentences in Goebbels’ diaries (New \ oh 
Doubleday, 1948). 

On page 361 Goebbels tells of an occasion on which 
Frick, and Rust were guests of the Fuelrer. 
‘*Their comments and remarks were so idiotic as to reve 
how completely out of the picture they really are. The 
delivered themselves of stupid phrases .. . The in 
portant point is that Rust was the Nazi Minister ¢ 


He wrote 


Education and, as Lochner notes, he had been an inms 
of an insane asylum! He was the one chosen to persecut 
the scientists and university leaders, causing them 
flee from Germany for their lives. 

This seemed to be a good idea at first, but on May 1! 
1943, things were going badly for the Germans in tk 
air and on the sea. The Allies were using new discovers 
in physics which were paralyzing the German planes al 
submarines. And so, on p. 375, one finds Goebbels = 
gretting that Max Planck had been so antagonized. 4 
he said, ‘‘It is the fault of Rust and is irremediabk 

... The mediocre talents in the Reich Governmet 
are a wall between the Fuehrer and many sectors 0 
In his devotion to his Fuehrer, Goebbels 
tried to make him out as a would-be patron of scien 
ignoring the fact that he had appointed a miserable quit 
as his private physician. 

On p. 378, speaking of the critical situation of tH 
submarines in the face of the new detecting devices 
veloped by Allied physicists, Goebbels wrote, ‘‘Our tt 
nical development both in the realm of submarines aul i 
air war is far inferior to that of the English and the 
Americans. We are now getting the reward for our po" 
leadership on the scientifie front, which did not show the 
necessary initiative to stimulate the willingness of sch 
You just can’t let an absolute 7 
t to We 


publie life.’’ 


tists to co-operate. 
wit head German science for years and not expec 
punished for such folly.’’ 
This paragraph might well be read and re-read 20" ; 
In times of peace, baiting scientist 
and great men and putting them in their place is greal 
fun for politicians but Goebbels has told us how disat 
trously this policy pays off when war comes. 
Waurer ©. Avil 


home and abroad. 


Mayo Clinic, Rochester, Minnesota 
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thods of psychology. T. G. Andrews. (Ed.) New 
York: John Wiley; London: Chapman and Hall, 1948. 


(Illustrated.) $5.00. 


Many instruetors have long desired a systematic text 


Dp. xiv + 716. 
facilitate greater emphasis on methodology in the 
nining of undergraduate psychology students. This 
ok, which deals with methodology in many areas of 
The 


itor recognizes certain limitations in terms of omis- 


chology, was written by specialists in each area. 


’ to th 
p. 436) 
of ever 
ONQ Tey 
W York: 


ns, both in the material presented and in areas not 
presented, such as industrial psychology. 

After an introductory chapter on variables, controls, 
perimental design and the like, methodology in each 
several areas is presented. Consideration is given to 
ious aspects of learning, psychophysics, perception in 
rious sense modalities, affection, motor functions, per- 
nality, social behavior, child development and others. 
The things an instructor might like to find in the dis- 


hich he 
@ Wrote 
0 Teveg! 
They 
The im 
ister of 
| inmate 
ersecite 


: 


ssion of any one area, such as studying human think- 
y, might well include the following: sample problems, 
erimental designs for the problems, outlines of meth- 
s with apparatus including diagrams and controls, ref- 


hem ygmgences to more complete details in published reports, 


tthods of treating data with sample tabular arrange- 
May 12 pnts and graphs, and some guidance for critical inter- 


in th etation of results. No chapter of this book may com- 
ttely satisfy all the requirements laid down by the 


tical reader. 


cover 
Some are very well done but others are 
bels rin terms of adequate treatment of methods in the 
ed. As Pa. 


rediabk 


nes an 


For instance, the reviewer considers the discussions 
‘*Psychophysical Methods,’’ ‘‘Studying Propriocep- 


ornueli Mion, ’’ ‘‘ Motivation, Feeling and Emotion,’’ and ‘‘Study- 
tors of g Neuropsychology and Bodily Funetions’’ to be among 
roebbel e better chapters. ‘‘Studying Vision,’’ on the other 


selenite nd, is poor and some of the other sections are only 


e quati Pdioere, 


The first chapter, on introduction to psycho- 
Bical methodology, could have been more complete in 


of the ails and illustrations. 


ices de 
ar tech 
. and of 
and the 
ur poor 
row the 
f sciel 
ate ult 
t to be 


There are two major deficiencies in the organization 
this treatise: the apparent expectation that the meagre 
ormation on experimental design and controls in the 
Bt section will transfer to the study of subsequent 
apters, and the attempt in most chapters to cover too 
ich territory, which obviously has led too frequently to 
mpy treatment of experimental design, methods, ap- 
ratus, and controls. In terms of teaching methodology, 
t book might have been more helpful to the student if 
h chapter had included brief statements of types of 
enti fe ee with references to sources where 
5 gre ond : Bice may be found. then there should 
dist “i a diseussion of one typical experiment inelud- 

B 4 Statement of the problem, method and apparatus 
th experimental design, controls, organization of results 


now # 


vail 





Book Reviews 


and conclusions. With the present organization of the 
book, it is doubtful if the student will learn the require- 
ments for planning and carrying out experimental work 
in more than a few of the areas. 

This text, which has several excellent chapters, repre- 
sents a step in the proper direction. Criticism of the 
materials presented undoubtedly will eventually lead to 
a revision with a better organization. In the meantime 
the book should find general use in experimental and 
methodology courses. 

MILES A. TINKER 


University of Minnesota 


Principles of mathematical physics. (2nd ed.) William 
V. Houston. New York-London: McGraw-Hill, 1948. 
Pp. xii+ 363. $5.00. 

The first edition of Houston’s book 
teachers of theoretical physics for the clarity of its 
presentation and the judicious selection of material 
included. The second edition preserves these advan- 
tages. It is still a textbook usable in an intensive se- 
mester or a leisurely year’s course, although it has been 
expanded and rearranged. The problems continue to be 
a major feature of the text and these are not routine but 
form a complement to the material chosen for detailed 
treatment. Especially useful, and rarely found in books 
of this type, is a chapter on the theory of vibrating 
systems. 

It might be said that the work is incomplete and lacks 
If the size of the book was set in advance, 
however, the author has utilized the space for the most 


was known to 


eoherence. 


worthwhile material. 
HENRY MARGENAU 
Yale University 


Studies of upper-air conditions in low latitudes. Part I: 
On the formation of West Atlantic hurricanes (Riehl) ; 
Part IL: Relations between bigh- and low-latitude cir- 
culations (Cressman). Herbert Riehl and George P. 
Cressman. Chicago: Univ. of Chicago Press, 1948. 
Pp. vi+ 103. (Illustrated.) $2.00. 

Military requirements during World War II and certain 
unsolved problems of the general circulation in the earth’s 
atmosphere have been a stimulus to a considerable amount 
of research in tropical meteorology during the past 
several years. Suecessful research in this field of meteor- 
ology requires an unusually high degree of skill in analy- 
sis and interpretation because of the vastness of the 
geographical region under consideration, the paucity of 
the available data, and the complexity of the phenomena 
under study. The authors have been prominently asso- 
ciated with recent research in this field, and their report, 
though plainly not a comprehensive summary of know!l- 
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edge concerning tropical meteorology, clarifies several 
important aspects of low-latitude weather, emphasizes the 
importance of upper air analysis, and stresses the inter- 
relationship between tropical weather phenomena and 
extratropical circulation patterns. 

In Part I the structure of tropical hurricanes is com- 
pared with the less spectacular, but climatologically more 
significant, tropical disturbances, and the circumstances 
attendant upon the transition from one to the other are 
discussed. An explanation for the generation of cyclonic 
vorticity is presented which differs from that usually 
accepted in middle latitudes. The importance of an 
overlapping between middle- and low-latitude disturb- 
ances is discussed and illustrated with synoptic examples. 

Part II is restricted to the definition, description, and 
illustration of typical circulation patterns during the 
summer months. The importance of the interrelation 
between tropical and extratropical disturbances is dis- 
cussed. 

The report is an excellent example of the results which 
ean be obtained in a highly specialized field by research 
scientists who are thoroughly familiar with current and 
past research in other fields of meteorology. 

THomas F. MALONE 
Massachusetts Institute of Technology 
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AS Staff Changes 

cience Tegrets to announce the 
gnation on December 31 of Execu- 
Editor Mildred Atwood Rustigan. 
eapacity for hard work and her 
orial and administrative ability 
e been of the highest value at all 
os during her association with the 
AS editorial staff, and really es- 
ial to the publication of Science 
e the untimely passing of the 
or, Dr. Willard L. Valentine, in 
7. Miss June Armstrong, who has 
associated with Mrs. Rustigan in 
orial duties on Science and who is 
serving as acting executive editor, 
resigned effective February 28 to 
brn to the Pacifie Coast. 


eginning with the present issue 
s Beth Wilson becomes executive 
Miss Wilson has 
assistant editor of Physics Today 
had previously worked for Fortune 
Science Illustrated. She is a 
luate of the University of Ne- 
ska, and a member of Phi Beta 
The Science staff also in- 
les Miss Dorothy Witham, Miss 
nne Hopson, Mrs. Arlene Butterly, 
Mrs. Anna H. Freedman. 


or of Science. 


ppa. 


)r. F. R. Moulton retired as ad- 
istrative secretary at the close of 
term, January 15. His great serv- 
science through 
S activities will be the subject 
h later article in Science. As an- 
mced in the issue of November 26, 
B, Prof. Howard A. Meyerhoff is 
ming the position of administra- 
secretary of AAAS. Until the 
of the present academic year, he 
also be engaged as professor of 
ogy at Smith College. 


to American 


aris: l 
strate 


4 basi 


Micere regret is felt at the resigna- 
on December 31, of Dr. John M. 
vel, assistant admimistrative sec- 
Ty, to accept an important post in 
rmiment service. He will continue 
erve the Association as adminis- 
ive Consultant. Effeetive February 
949, the position of assistant ad- 
6. istrative secretary will be filled by 
t. Raymond L, Taylor of Sampson 


tion (0 
"he Bil 


College, formerly of the College of 
William and Mary. 


Conference on U. N. 


On January 14 the AAAS was 
officially represented by Howard A. 
Meyerhoff at a National Conference 
on the United Nations, called by the 
Department of State. 
was issued by Francis H. Russell, 
of the Office of Public 
Affairs, and the Executive Committee 


The invitation 
Director 


responded at its December meeting 
by naming as its representative the 
Administrative Secretary and, as an 
alternate, the President, E. C. Stak- 
man. The crowded program was a 
successful effort to place before the 
200 people in attendance the facts of 
diplomatic life in one vital field of 
U. 8. 

The program, which occupied a very 
full day, started at 9:00 A.M. with 
a general session of the conference, 
held in the State Department Audi- 
Chairman Francis H. Russell 


international relations. 


torium. 
opened the conference and Acting 
Secretary of State Robert A. Lovett 
made introductory remarks. Dean 
Rusk, Director of the Office of United 
Nations Affairs, spoke on ‘‘ Regional 
Security Arrangements Under the 
United Nations Charter’’; Mrs. 
Franklin D. Roosevelt, U. 8S. Delegate 
to the General Assembly, on ‘‘ Devel- 
opments on Human Rights at the Paris 
Meeting of the General Assembly’’; 
and Durward V. Sandifer, Deputy 
Director of the Office of United Na- 
tions Affairs, on ‘‘ Next Steps in the 
United Nations Human Rights Pro- 
gram.’’ At 11:30 conference mem- 
bers took part in round table discus- 
sions on human rights. 

The luncheon meeting at the Hotel 
Washington was addressed by How- 
land W. Sargeant, Deputy Assistant 
Secretary of State for Public Affairs, 
and by John Foster Dulles, U. 8S. 
Delegate to the U. N. General As- 
sembly, who reported on the Paris 
session of the General Assembly. 

The mid-afternoon general session, 


Association Affairs 


at which Willard L. Thorp, Assistant 
Secretary of State for Economic 
Affairs, spoke on ‘‘Major Items on 
the Agenda of the Economic and 
Social Counceil,’’ followed by 
more round table discussions—on eco- 
nomic and social problems of the U. 
N. and regional security arrange- 
ments. The five o’clock general ses- 
sion was devoted to reports of the 
various round table discussions and 
the conference adjourned at 5:30 
after closing remarks by the Chair- 


was 


man. 

The conference was the first of a 
series of three, the purpose of which, 
although allegedly to provide oppor- 
tunities for leading organizations con- 
cerned with international affairs ‘‘to 
assist in the constructive efforts of 
your Government toward solving the 
problems facing the United Nations,’’ 
appears to be the frank dissemination 
of knowledge as to what is trans- 
piring in the U. N. The entire meet- 
ing was refreshingly free from any- 
thing resembling propaganda. A\l- 
though many of the subjects discussed 
lie on the periphery of science, the 
social and economic problems con- 
sidered, in addition to being every- 
one’s concern, have important scien- 
tific connotations. It was evidently 
for this reason that the 150 organi- 
zations represented at the conference 
included such diversified groups as the 
AAAS, Kiwanis International, Na- 
tional Association for the Advance- 
ment of Colored People, National 
Catholic Edueation Association, Rail- 
Labor Executive Association, 
American Federation of Labor, Engi- 
neers Joint Council, “and Church of 
Jesus Christ of Latter-Day Saints. 

A second conference will take place 
in March, to consider the entire range 
of U. S. foreign policy; and a third, 
on the economic and social programs 
of the United Nations, is scheduled 
The Association plans to 
have representation at both these 
meetings. (HOWARD A. MEYERHOFF, 
Administrative Secretary.) 


way 


for May. 
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NEWS 
and Notes 


John S. Laughlin, who has been 
working on .the betatron project at 
the University of Illinois Chicago Pro- 
fessional Colleges, has been appointed 
assistant professor of radiology and 
radiation physicist at the University’s 
College of Medicine. 


John H. Payne has been appointed 
head of the Technology Department of 
the Hawaiian Sugar Planters’ Asso- 
ciation Experiment Station, Honolulu. 


Tracy M. Sonneborn, professor of 
zoology, Indiana University, will de- 
liver the fifth Harvey Lecture of the 
current series at the New York Aecad- 
17. 
Dr. Sonneborn will speak on ‘*‘ Cellular 


emy of Medicine on February 


Transformations. ’’ 


S. Smith Stevens has been 
pointed director of the Harvard Psy- 
chological 
Edwin G. Boring, who is resigning his 
directorship after 25 years of service 
but will of 
psychology. 


ap- 


Laboratories, succeeding 


continue as professor 


Margery C. Carlson, assistant pro- 
fessor of botany at Northwestern Uni- 
versity, is making a six-month botani- 
eal exploration of Mexico and Central 
Dr. 
specimens of the native flora to be 
deposited in the Chicago Natural His- 


Americéa. Carlson will collect 


tory Museum. The expedition is spon- 
sored jointly by the Museum and the 


University. 


Lawrence R. Hafstad, former exec- 
utive secretary of the Joint Research 
and Development Board of the Na- 
Military 
been appointed director of the new 
Reactor Development Division of the 
UC. S. Atomie Energy Commission. 
This division of the USAEC was ere- 
ated August to carry out the 
program of designing and developing 


tional Establishment, has 


last 


nuclear reactors for the practical ap- 
plication of atomie energy for power, 
propulsion of ships and aircraft, pro- 
duetion of isotopes, and for research 


on reactors themeselves. 


George W. Schaeffer, former assist- 
ant professor of chemistry at the Uni- 
versity of Chicago, has been appointed 
associate professor and director of the 
Department of Chemistry at Saint 
Louis University. 


David E. Lilienthal, chairman of 
the U. S. Atomic Energy Commission, 
will deliver the mid-year commence- 
ment address and receive the honorary 
degree of doctor of laws at Lehigh 
University, February 6. 

J. Lanjouw, conservator of the 
Herbarium and Botanical Museum at 
the University of Utrecht, Netherlands, 
has been appointed professor of plant 
taxonomy, succeeding A. A. Pulle, re- 
tired. Dr. Lanjouw is at present in 
Surinam doing botanical work. 


Shepard Bartnoff and Winston H. 
Bostick have been appointed instrue- 
tors in physics at Tufts College. 


Merritt L. Fernald, retired direc- 
tor of the Gray Herbarium of Harvard 
Fisher 
emeritus of natural history, has been 
elected to the Royal Society of Sei- 


ences of Uppsala. 


University, and professor 


Robert R. Sears of the University 
of lowa has been appointed professor 
of education and child psychology at 
Dr. Sears will 
also become director of a new labora- 


Harvard University. 


tory of human development to promote 
the fields of 
and learning theory. 


research in motivation 


Ford M. Milam of the University 
of West Virginia is now employed by 
the U. 
as head of the agronomy department 


S. Department of Agriculture 


at its experiment station in San Salva- 
dor, El Salvador, Central America. 


Paul Magnus Gross, professor of 
chemistry at Duke University, has 
elected vice president of the 
University in charge of the educational 
division. Dr. Gross is also of 
the Graduate School at Duke. 


heen 


dean 


Raymond Kennedy, professor of 
sociology at Yale University, will 
leave in June to spend 15 months in 
Indonesia studying the influence of 
western civilization on native culture. 
The Indonesian research trip is a proj- 
ect of the Southeastern Asia Studies, 
whose headquarters in this country are 


































at Yale. The trip will be Suppor, 
by the Viking Fund, the Qogjj 
Fund, and the Social Science Rees, 
Couneil. 


Grants and Awards 


John Rawlings Rees, British 
tist and president of the World jy 
eration for Mental Health, hag, 
ceived an award of $5,000 from ¢ 
International Committee for Mo 
Hygiene in New York, for his rege 
into the application of psycholog, 
international relations. : 


Two German scientists are ty; 
ceive Nobel prizes in chemistry 4 
Hitler had forbidden them to ace 
They are Richard Kuhn of Heidel 
University, who won the prize in 1 
and A. Butenandt of Tuebingen | 
versity, who won it in 1939, 


The Carl Neuberg Medal for \ 
has been awarded to F. F. Nord oft 
Chemistry Department of Forks 


University. 


Warren K. Lewis, professor 
tus of chemical engineering | 
Massachusetts Institute of Techno 
will be awarded the 1949 gold n# 
of the American Institute of Chem 
at the Institute’s annual meetix 


Chicago in May. 


Smith, Kline and French Labe 
tories of Philadelphia have awarit 
total of 73 grants amounting to #4 
761 in support of medical rest 
during 1948. The funds provite! 
scholarships and fellowships, ai‘ 
preclinical research, and suppor 
investigations in fields of clinical ™ 
Twenty-seven of the grants 
made to medical schools, and the 
ance to institutes, clinies, and ini 
ual investigators. 


cine. 


Mathematicians Donald ©. 5 
Stanford University, and 4 
Schaeffer, Purdue University, ' 
been named joint recipients of 


Bocher Memorial Prize, 
awarded every five years by the 4 
ican Mathematical Society. Th! 
is $100, and each received this a 
They were honored for their )® 
conformal mapping, a technical 
matical work of which one appli 
is in computation of pressures 
flow of air over an airplane wit 
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llowships 

Duke University School of Medi- 
will make available on July 1 
sral two-year fellowships carrying 
ends of $2,400 the first year and 
N00 the second year. The work will 
ude special training, clinical and 
ultation practice, and teaching and 
arch in the fields of hematology 
allergy, pulmonary diseases, gas- 
hypertensive eardio- 


ish sig 
brid Py 

has } 
from § 
r Mex 
3 Pesca 
hology 


onterology, 
ular and renal diseases, metabolic 
ases, cardiology, and general in- 
al medicine and therapeutics. Ap- 
ants must have completed three 
ode s of training in internal medicine 
Further 


from 


y th aes B 
a satisfactory equivalent. 


rmation may obtained 
ene A. Stead, Jr., 
licine, Duke University School of 


LO aceyy 
eidelts 
é in 1 
igen [y 


be 
Professor of 


Acine, Durham, North Carolina. 


he Conway MacMillan Memorial 
earch Fellowship in Botany at 
University of Minnesota is of- 
d again to doctoral students for 
year 1949-50. The award of $1,- 
for the academie year is supple- 
Bted by payment of tuition fees in 
School. Applications 
be made by March 1. Addreca 
nquiries to A. O. Dahl, Chairman 
he Conway MacMillan Fellowship 
of 
versity of Minnesota, Minneapolis 
Minnesota. 


l for 14 
ord of 3 


Fordhy 


SOT ell 
ig ati 
echnol Graduate 
old ma 
Chem 
neeting 

mittee, Department Botany, 
n Lab 
awaridl 
y to oy 
| TERS 


leges and Universities 


e Damon Runyon Laboratory 
hemieal Embryology of the Uni- 
8, ail ty of Medical Center 
be housed in a new cancer research 
to be constructed at the Center 
rants @ gh funds recently made available 
vd the he National Cancer Institute of 
nd nd U. 8. Publie Health Service and 
niversity of Colorade. The grant 
25,000 received last summer from 


Wamon Runyon Cancer Fund will 
idministered 


rovide j 
Colorado 
upper 
nical ms 


ope 
d BY 
sity, | 


its of 


by representatives 
the Departments of Biochemistry, 
‘tries and Gynecology, and Pedia- 
The Laboratory will be direeted 
einz Herrmann, now at Yale Uni- 


ty and formerly at the Biological 
tute of 


whie! 
the 4 
The? 
his au 
ir hod 


the Carlsberg Founda- 
( _ ‘ es 
Openiiagen, He will join the 
ical 4S associate professor of pedia- 
applit \Tesearch) on July 1, 1949. 
ures 2 ovidenc. 


College, Providence, 
e Isla 


> wind . : 
dedicated its Albertus 


Magnus Science Hall on January 27- 
29. The new millon-dollar building 
will house the Departments of Biology, 
Chemistry and Physics. 


The Building Committee of the Uni- 
versity of Texas Medical Branch, 
Galveston, under the chairmanship of 
W. 
ogy, reports plans for new buildings 
at the Medical Branch to cost more 
than $6,000,000. These include part of 
a new general hospital and a private 


B. Sharp, professor of bacteriol- 


pavilion to be erected by the Sealy 
and Smith Foundation at an estimated 
cost of $3,500,000 and the Henry and 
Ross Zeigler Tuberculosis Hospital, to 
be built by funds from the Zeigler 
bequest. 


The 2nd Symposium on Plasticity 
will be held at Brown University 
April 4-6, 1949, under the sponsorship 
of the Bureau of Ships and the Office 
of Naval Research, Navy Department. 
The principal topies will be ‘‘Strue- 
tural Applications of the Theory of 
Plasticity’’ and ‘‘Dynamie Problems 
of Plasticity. 
voted 


7 


One day will be de- 


to miscellaneous contributions 
to theoretical or experimental phases 
of 


may 


information 
Prof. P. S. 
Symonds, Graduate Division of Ap- 
plied Mathematies, Brown University, 
Providence 12, Rhode Island. 


plasticity. Further 


be obtained from 


The 30-inch Jenkintown, Pennsyl- 
vania telescope, one of the 50 largest 
reflectors in the world, has been pur- 
chased by the Agnes Scott College, 
Decatur, Georgia. 


The Fritz Engineering Laboratory 
of Lehigh University has been as- 
signed a two-year research project 
aimed at checking and improving de- 
sign procedures of shell roof structures 
of the type used in large airplane hang- 
ars and in the domes of monumental 


buildings. The assignment was made 
by the Roberts and Schaefer Engi- 


neering Company of Chicago. 


The recently established Harvard 
Foundation for Advanced Study and 
Research, designed to further the 
interest of the Schools of Arts and 
Sciences, Design, Education, Engineer- 
ing, and Publie Administration, will 
provide for student housing, research, 
fellowships, and scholarships in the 


areas of graduate study encompassed 
by the schools. In addition to the five 
graduate schools, a number of non- 
tuition-paying University departments 
Foundation. 
These include the Arnold Arboretum, 


will participate in the 
Atkins Garden and Research Labora- 
tory, Blue Hill Meteorological Observ- 
atory, the following 
Botanical, Comparative Zoology, Wil- 
liam Hays Fogg, Germanic, Peabody, 


and museums: 


and Semitie. 


Summer Programs 


The Institute of Statistics of the 
University of North Carolina, Chapel 
Hill, will offer a summer session from 
June 9 to July 19 for research work- 
ers in other sciences who want a practi- 
cal working knowledge of statistical 
theory, statistical consultants in vari- 
ous fields, those preparing to teach 
statistics or develop statistical theory, 
and students working toward a degree 
An 


be 


in applied or theoretical statistics. 
of the 
obtained from the Director, Institute 
of Statistics, University of North Caro. 
Box 168, Hill, North 
Carolina. 


announcement course may 


lina, Chapel 


The Mount Desert Island Bio- 
logical Laboratory, Salsbury Cove, 
Maine, will continue its tissue culture 
program this vear June 15—September 
15. 


about 10 investigators with research 


Accommodations are available for 


problems in the field of aseptie culti- 
vation of tissues, organs, and embryos 
of plants and animals, with preference 
given to projects utilizing local organ- 
Only applicants qualified to 
carry on independent research will be 


isms. 


accepted. Applications should be sent 
March 15 Dr. Philip R. 


White, Institute for Caneer Researeh, 


before to 
Corinthian Avenue and Poplar Street, 
Philadelphia 30. 


Duke University School of Medi- 
cine and Duke Hospital, Durham, 
North Carolina, will offer a course in 
medieal mycology under the direction 
F. 


The course will emphasize the practi- 


of Norman Conant this summer. 
cal aspects of the laboratory as an aid 
in helping establish a diagnosis of 
fungus infection. Classes will be held 
every day in the week except Sunday 
A fee of 
$50 will be charged for the course and 


during the month of July. 


a certificate will be awarded upon com- 
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pletion. Further information may be 
obtained from Dr. Norman F. Conant, 
Duke University School of Medicine. 


Industrial Laboratories 


The problems of research and engi- 
neering involved in improving the 
chemical processes of plutonium pro- 
duction have been assigned to the 
E. I. duPont de Nemours and Com- 
pany by the U. S. Atomie Energy Com- 
mission. The will inelude 
study of means to increase the amount 


survey 


of plutonium produced from a given 
quantity of uranium and ways to sim- 
plify the handling of the wastes of 
the production process. 


Production of water-white single 
crystals of pure calcium tungstate in 
research quantities has been announced 
by the Linde Air Products Com- 
pany, Unit of Union Carbide and 
Carbon Corporation. Two of their ma- 
jor uses, as indicated by the Company, 
are scintillation counters in the 
detection and measurement of radio- 
activity, and as screens in X-ray fluor- 
oscopy. 


in 


The Multi-Tron Laboratory of 
Chicago has been established to econ- 
duct research and development in the 
fields of electronics, radiation, optics, 
and nuclear physics, with special em- 
phasis on high and low voltage elec- 
tronic tubes. 


Westinghouse Electric Corpora- 
tion has named William E. Shoupp and 
Robert A. Bowman to direct the re- 
search and engineering respectively of 
its new Atomic Power Division. Dr. 
Shoupp is the former manager of elec- 
tronics and nuclear physics research 
at the Westinghouse Research Labora- 
tories in Pittsburgh, and Dr. Bowman 
the former manager of condenser engi- 
neering at the Company’s Steam Di- 
vision in South Philadelphia. The 
Division’s activities will include con- 
struction and testing of an atomic 
power plant for the propulsion of 
naval vessels. 


John W. Coltman has been ap- 
pointed manager of the electronics 
and nuclear physics department of the 
Westinghouse Research Laboratories. 
Dr. Coltman, former head of the X-ray 
section, succeeds William E. Shoupp, 








who was recently named director of 
research for the Westinghouse atomic 
power division. 


Meetings and Elections 


The Seventh Pacific Science Con- 
gress will be held in Auckland and 
Christchurch, New Zealand during the 
month of February. It is expected 
that 30 countries interested in Pacific 
problems will be represented at the 
Congress, which plans for meetings 
covering geology, geophysics, meteorol- 
ogy, oceanography and marine biology, 
zoology, botany, soil resources, fores- 
try, agriculture, anthropology, public 
health, nutrition, and the 
sciences. Seventy-one American scien- 


social 


tists are planning to participate in the 
program, some of whom will stop over 
in American Samoa to consult with 
those engaged in scientific research 


there. 


The Ohio Alpha Chapter of Alpha 
Epsilon Delta, national premedical 
society, will be host for a state-wide 
convention of premedical students, 
advisors, and faculty members of all 
the liberal arts colleges in the state at 
the Ohio State University, Columbus, 
on February 19. 


The annual Louisiana State Uni- 
versity Symposium on Modern 
Methods of Analytical Chemistry 
will be held March 2-5 in Baton Rouge. 
A formal program of and 
table discussions has _ been 
planned. Hotel reservations should be 
made as soon as possible by writing: 
Dr. Philip W. West, Coates Chemical 
Laboratory, Louisiana State Univer- 
sity, Baton Rouge 3, Louisiana. 


lectures 
round 


The Optical Society of America 
will. hold its winter meeting in New 
York City March 10-12. Headquar- 
ters will be the Hotel Statler (formerly 
Hotel Pennsylvania). The meeting 
will be open to non-members of the 
Society. 


The American Chemical Society 
will hold its 115th national meeting in 
San Francisco March 28—April 1. Air 
pollution, the cause and treatment of 
high blood pressure, and chemical as- 
pects of heredity and mutations are 
among the subjects to be discussed. 


The 2nd National Symposium on 










































Recent Advances in Antibiotics 3 
search, sponsored by the Antibjg, 
Study Section of the Nationa] fy 
tutes of Health to stimulate res, 
in this field, will be held in Wag 
ton, D. C., on April 11-12, 4), 
terested persons may not Only atte 
the meetings but also participa; 
the proceedings by presenting reper 
of current investigations in the jy 
Only papers concerned with origyy 
and unpublished observations eq) | 
considered, however. It is hoped ty 
all accepted papers can be publishej 
a single monograph or as a supplemg 
by one of the scientific journals, 
abstracts of papers (in  triplicg 
should be sent to Dr. Leonard Ky 
Executive Secretary, Antibiotics Styj 
Section, Division of Research Gran 
and Fellowships, National Instituy 
of Health, Bethesda, Maryland, befy 
March 10. 


The Mathematical Association ¢ 
America elected the following otite 
at its annual meeting in Decemie; 
president, R. E. Langer, University ¢ 
Wisconsin; second vice president, | 
H. MeCoy, Smith College; membend 
the board of governors: C. B. Al 
doerfer, Haverford College and iJ 
Walker, Cornell University. (i 
tinuing in office from last year a 
Saunders MacLane, University of ( 
cago, first vice president, and Hl 
Gehman, University of Buffalo, : 
retary-treasurer. Dates were set ff 
1949 meetings: June 20-21, a )is 
meeting with the American Society! 
Engineering Edueation at Renssel 
Polytechnic Institute, Troy, ™ 
York; August 29-30, the 31st sume 
meeting, at the University of Color 
Boulder, Colorado; December °!, i 
33rd annual meeting, in New ‘i 
City. 


The Pacific Chemical Expositt 
is scheduled for November 1-5 at 
San Francisco Civie Auditor 
James O. Clayton, research assocls 
of the California Research Co!" 
tion has been appointed ehairma 

At the 18th annual meeting “7 
Western Society of Naturalists” 
at Occidental College, Los Angeles, 
cember 28-30, 1948, officers We 
elected as follows: President, Rich 
M. Eakin, Department of Zoology,” 
versity of California, Berkeley: " 
president, Lyman Benson, Depart? 
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tics 2 
Ntibigt 
Lal [py 

TeSeany 


otany, Pomona College; secretary- 
asurer, William M. Hiesey, Division 
Plant Biology, Carnegie Institution 
Vashington, Stanford; members at 


Washiy ve on the executive committee, Mar- 

All Met Hl. Storey, Natural History Mu- 
LY atte im, Stanford University, and F. M. 
Cipate | tt, Department of Botany, Uni- 
& rep ity of California, Los Angeles. 


the tigi 

he American Microscopical So- 
S can | y, at its recent annual meeting 
ped thy 1 in Washington, D. C., elected the 
lished Jowing officers for 1949: Clarence 
Taft, president; Irene MeCulloch, 
t vice president; David C. Chand- 
second vice president; Frank E. 


Origin 


Pplemay 
als, 

riplicatg 
rd Karg 


ies Stuj 


wleton, secretary-editor; Alden B. 
wson, elective member of the execu- 
h Gray » committee. 
[nstituty 
d, befnlif/'The Hawaii Psychological Asso- 
tion, recently formed by a group 
fellows and associates of the Ameri- 
) Psychological Association in Ha- 
ii, elected the following officers for 
9: president, Theodore W. Forbes; 


lation ¢ 
g officer 
ecember: 
ersity 
ident, \ 


bsident-elect, Colin J. Herrick; sec- 
ary-treasurer, Helen E. Peixotto; 
bresentative to the APA, W. Edgar 
acke; and representative at large 
the executive council, Mildred C. 
ndenhall. 


mbers 
B. Alle 
nd R 
a 
year aw 
y of (i 
d Hw 
‘alo, 
» set fi 

a oll 


he American Academy of Dental 
edicine will hold its annual meeting 
me 4-5 at the Statler Hotel in New 
rk City. One feature of this year’s 
bgram_ will 
nd table on 
Further information ean be 
ained from Dr. William M. Green- 
, National Seeretary, 124 East 84th 
eet, New York City 28. 


o be a symposium and 
ee discussion psycho- 
ensselit 
y, X 
; sume 
Nolorall 
r 30, 


ow Sit 


ties. 


eaths 


ertrud Oppenheimer, 55, German 
Pmist who had been at the California 
stitute of Technology sinee 1942, 
d August 27, 1948, in an automobile 
ident, 


cpositi 
-5 at 
ditorils 
associ 
Corpo 
rmal. 

ig of d 
ists, ™ 


a} es, 2 
Zeies 


Kyozo Kanehira, Japanese forester 
1 botanist, died in Tokyo on No- 
ber “7. From 1942-1945, Dr. 
nehira served as director of the 
rary and herbarium at Butienzorg, 
Na, and Was instrumental in making 
"ng conditions for the interned sci- 
ists more satisfactory there. Later, 


technical consultant 


rs 
Ried 
ey; 


parta? became 


in 


forestry to the Natural Resources 
Section, G.H.Q., Tokyo. 


Adolph R. Ringoen, 62, a member 
of the Department of Zoology of the 
University of Minnesota for the past 
36 years, died January 13 in Minne- 


apolis. 


James F. McKernon, 83, professor 
of otology, who was president of the 
New York Post-Graduate Medical 
School and Hospital for 14 of his 26 
years’ service there, died January 23 
at his New York City home. 


Tenney L. Davis, 59, professor 
emeritus of organic chemistry at M. 
ee - of the 
American Academy of Arts and Sci- 


and former secretary 
ences, died January 25 in Norwell, 
Massachusetts. Upon retiring from 
the M. I. T. staff in 1942, Dr. Davis 
hecame director of scientific research 
for the National Fireworks Company 
of Hanover, Massachusetts. 





Lithium deuteride and lithium alu- 
minum deuteride are now being syn- 
thesized by Metal Hydrides, Inc. and 
can be purchased from this source at 
cost by research organizations having 
material. Information 
and availability may 
Metal Hydrides, Inc., 
12-24 Congress Street, Beverly, Mas- 
sachusetts. Blanks (AEC Form 100) 
for obtaining the necessary approval 
from the AEC will be sent on request 
by the Company or the Isotopes Divi- 
sion, USAEC, P. O. Box E, Oak Ridge 
Operations, Oak Ridge, Tennessee. 


need for the 
regarding price 
be secured from 


A new lightweight film-cassette 
changer for taking stereoscopic views 
of the human chest has been developed 
for military field use by the Engi- 
neering Development Division of the 
Army-Navy Medical Procurement Of- 
fice at its Fort Totten, New York lab- 
oratories. The new apparatus weighs 
only 75 pounds, as compared with cur- 
rently available models ranging from 
370-700 pounds, and has a volume of 
only 4.6 eubie feet. Lightweight con- 
struction has been attained by the elim- 
ination of heavy counterweights and 
vy the use of lighter metals, princi- 
pally aluminum. 


Veterinarians are needed by the 
Bureau of Animal Industry of the 


U. S. Department of Agriculture for 
work in such fields as Federal meat 
inspection and research, in the control 
of animal diseases. Graduates of 
recognized veterinary colleges who are 
interested may obtain further details 
by writing to the Bureau of Animal 
Industry, Agricultural Research Ad- 
ministration, U. S. Department of 
Agriculture, Washington 25, D. C. 


A previously uncharted natural 
arch of white sandstone in southern 
Utah has been named Grosvenor Arch 
in honor of Gilbert Grosvenor, presi- 
dent of the National Geographic So- 
ciety, by Jack Breed, Boston naturalist 
who discovered it during his Escalante 
Expedition from Bryce Canyon last 
summer. The arch thrusts eastward 
from a massive ridge and towers 152 
feet above the valley floor. The under- 
side of the main arch is 139 feet high, 
but the opening is worn only part of 
the way down, being 40 feet wide and 
73 feet high. A second opening, 6 
feet high and 4 feet wide, is close to 
the top and creates a double arch 
effect. 


The Florida Academy of Science 
has completed the first 10 volumes of 
its Quarterly Journal. The Academy 
has attempted to include in the publi- 
cation as little on its own business and 
as much original research material as 
possible. Papers are accepted entirely 
on merit. 


Southwest Research Institute, the 
Institute of Inventive Research, and 
the Foundation of Applied Research 
have announced the following new 
appointments to their technical staffs: 
to SWRI, Charles E. Balleisen, Duf- 
fer B. Crawford, Dean Hawley, Mau- 
rice Holland, Leopoldo H. Mayoral, 
Gilbert D. MeCann, Apolonio L. Mor- 
ales, Ray Neumann, Norman C. Pen- 
fold, Kenneth Shaftan, Erwin R. 
Strong, Jr., and Judson S. Swearin- 
gen; to IIR, Ion Edeleanu; and to 
FAR, Wayne A. Kalenich, Travis S. 
Richardson, and Raymond Umbaugh. 


The Philadelphia Section of the 
American Chemical Society will 
sponsor two special noncredit courses 
on sulfur chemistry and on process 
eontrol, each of which will be offered 
on ten successive Monday evenings, 
heginning February 21. The Section 
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has also arranged a series of lectures 
the administration of 
research, which will be presented on 
The classes will 


on industrial 
Tuesday evenings. 
be open to both members and non- 
members of the Society and will be 
loeated in the Philadelphia College of 
Pharmacy and Science, 43rd 
Kingsessing Philade]phia. 
Further information may be obtained 
from Dr. J. F. Gall, Whitemarsh Re- 
search Laboratories, Pennsylvania Salt 


and 
Avenue, 


Manufacturing Company, Wyndmoor, 
Pennsylvania. 


Fossil remains of fish and plants 
of the Upper Triassie period (175,- 
000,000 years ago) are being exca- 
vated near Haymarket, Virginia by 
David H. Dunkle, Smithsonian Insti- 
The fish, which 
presumably lived in a fresh-water lake, 
were of fishes 
whose extant descendants are the gar 


tution paleontologist. 


ancient . forms bony 
pike and the bow fin, or fresh-water 
dogfish. The 
hitherto poorly known in this region, 
although they are similar to those 
commonly found in rocks of compar- 


ancient forms were 


able age in Massachusetts, Connecti- 
cut, and New Jersey. 


Applications are being reviewed 
for the newly created position of Di- 
rector of Research and Development 
at the Engineers Research and De- 
velopment Laboratories, Corps of En- 
S. Army, Fort Belvoir, 
It is open to individuals 


gineers, U. 
Virginia. 

with at least fifteen years’ experience, 
of 
which should have been in research or 


exclusive of graduate work, ten 
as a research or development engineer. 
Five of the fifteen years’ experience 
chief of a 
branch or department of a research 
The 
Appliea- 
tions may be made either in person or 
Ly letter to the Commanding Officer 
at the Laboratories. 


should have been as the 
and development organization. 


salary is $12,500 per year. 


Scientific writers and medical sta- 
tisticians are needed at the Communi- 
of the Public 

Health Service in Atlanta, Georgia. 

it it highly desirable that applicants 
‘tor both types of position have ex- 
the 


cable Disease Center 


perience in biological sciences. 


The positions are under federal civil 
service and salaries range from #$4,- 
479.60 to $10,305.00 per year (most of 
the jobs available are at the lower 
rate of pay). Further information 
may be obtained from S. R. Gervin, 
personnel officer at the Center. 


The Public Health Research Insti- 
tute of the City of New York has 
preliminary work toward 
setting up a laboratory for determin- 


completed 


ing the Rh factor in human blood. 
Another laboratory recently developed 
performs virus diagnosis for physicians 
free of charge. Both laboratories are 
operated by the Bureau of Laborato- 
ries of the Department of Health. 


Reserve commissions in the U. S. 
Army ranging from second lieutenant 
to a full colonel are available to quali- 
fied mathematicians and statisticians. 
Applicants must be citizens of the 
United States and between the ages 
of 21 Full details 
of the commissioning program 
provided in Department of the Army 
Cireular No. 210, which 
obtained, together with 
forms, from local Reserve Unit Head- 
quarters or from Organized Reserve 
Unit Instructors, writing to 
Army Headquarters at New York, Bal- 
timore, Atlanta, Chicago, Houston, or 
San Francisco. 


and 55 inelusive. 
are 
may be 
application 


or by 


The first license to manufacture 
cil from coal in the Union of South 


Africa was granted to the Anglo 
Transvaal Consolidated Investment 
Company. <A designed capacity of 


76,000,000 gallons of liquid fuel and 
oil a year is provided for and the 
coal will come from the deposits situ- 
ated in the Vredefort district of the 
Orange Free State. 


The Forest Service of the U. S. 
Department of Agriculture is study- 
ing means for avalanche control. Con- 
tinuous skiing in some areas has been 
observed to keep the snow well enough 
packed so that it is not likely to slide. 
Recent experiments at Alta, Utah, 
showed that it is also possible to 
avert a slide by setting off explosives 
in danger spots when the area is clear 
of visitors. 
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Make Plans for— 


American Mathematical §o, 
February 26, meetings in Ney y, 
City and Chicago. 


American Institute of Chen; 
Engineers, regional meeting, \\y, 
6-9, Los Angeles, California, 


Institute of Radio Engineers 
convention, March 7-10, Hote) (, 
modore and Grand Central Py, 
New York City. 


American Physical Society, Dj 
sion of Solid State Physics, am 
meeting, March 10-12, Hollenden § 
tel, Cleveland, Ohio. 


Optical Society of America, » 
ter meeting, March 10-12, New Yq 
City. 


Recently Received— 


German gas turbine developments ig 
ing the period 1939-1945. Bri 
Intelligence Objectives Sub-Cous 
tee Overall Report No. 12. Brit 
Information Services, 30 Rockefel 
Plaza, New York 20, N. Y. $3 

Fundamental edueation. (Bulle 
1948 No. 13, Office of Educatia 

D. C.: Supt 
Documents, U. S. Government Pn 
ing Office, 1948. $.10. 

Bulletin of the American Physica! 


Washington 


25, 


ciety, programme of the 14's 
nual meeting at Columbia Cur 
YT 


sity, January 26-29, 1949. | 
caster, Pennsylvania: Prince § 
$1.00. 
Published" 
the Women’s Society of Mem 
Hospital Center for Cancer an! 
lied Diseases, 444 East 68th ‘0 
New York 21, N. Y. 
Report of the Chie? of the Bure! 
Entomology and Plant Quaratt 


Lemon Streets. 
The memorial review. 


1948. Publication of the Ag 
tural Research Administratio! 
S. Department of Agricul? 


25, 


Washington D. C.: Supt 
Documents, U. 8. Government P 
ing Office, 1949. $15. ; 
Further new Cambrian Belleré)” 
Gastropods by J. Brooks Kui 
(Publ. 3951.) Washington, D, 


Smithsonian Institution, 1948. 


